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PREFACE. 

The first edition of the Hydraulic and Excavation Tables was 
issued by the United States Reclamatioii Service in 1905. Later 
revised editions were issued in 1909 and 1913. Wliile compiled in 
the first instance with a view to the requirements of the engineers 
of the Reclamation Service, the book has had a conaderablc 
drciilation among other engineers engaged in nmilar lines of work. 
Mc«t of the tables have been computed especially for this publica- 
tion and are available nowhere else in print. In order to make the 
series complete a few tables taken from other sources have been 
included, most of which have been extended or modified to coitionn 
to the conditions encountered on reclamation projects. 

In the piEsent edition, several tables have been added and otbeis 
have been expanded. A table of velocities for n=.oii has been 
computed, this value being indicated by experiments as being 
sometimeB explicable to steel flumes of the smooth interior type. 
Tables of hydraulic functions for circular sections, botseshoe sec- 
tions, and aemidrcular fhtmes for various depths of water have' been 
added, and the tables of functions of trapezoidal sections have been 
expanded by the inclusion of values by a-foot increments between 
20 feet and 33 feet bottom width. Two tables for discharge of sub- 
merged orifices are reprinted frofti the booklet " The Measurement of 
Irrigation Water," publidied by the Service. The tables for flow 
through pipes are new; those f<x wood stave pipe are based upon 
the formula of Mr. Frtd C. Scobey, for pipes erf other materials the 
Hazen-Williams formula is used. The table erf velocity heads has 
been expanded by the inclusion of an extended set of values for 
small heads. 

All reported errors have been checked and corrections made, and 
the thanks of the Service arc extended to all those who by reporting 
enoTS or by making suggestions for improvement have cooperated 
in this revision. A continuance of this interest is earnestly solicited; 
all errors reported., or suggestions made in the line of constructive 
criticism are welcoihcd, since it is only by the continued cooperation 
of users and publishers that the goal of an entirely reliable and 
adequate handbook can be attained. 

A. P. Davis. 
DitectoT and Chief Engineer. 
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HYDRAULIC AND EXCAVATION TABLES. 

IHiPIoANATION OF TABLES. 

TabUt 1 to J/.— T^lea i to ii five the vAlues of tbe mena velocity 
of water in open channels compnUd from Kutter's fornuiU: 






The values erf m, the eoefficitiit of rmghntas, to be used hi find- 
itogr V, depend on the rw^ness of the materials fonning the bed 
and banks of the channel, iitefularities and imperfecttfftlsMfl''the 
bed or bmiira, the load of silt or detritus, curves, eddies, aqaatic 
plants, and other conditions that tend to produce a retardation of 
flow. Experimental data on the subject are limited and Vbt com- 
monly accepted values of n for specific conditions must be con- 
sidered as mere approxiina*ions. These approximate valiws, baaed 
•■m a connderation of the data, available, are as follows: 
i»—,oio for' clean, straight channels newly Itned with planed boards 

carefully laid; neat cement plaster; glazed, coated and enameled 

auriaces in perfect order, 
noi.oTi fiw comtmctioa as above but with alignment conriahig'of 

long tangents joined by gentle curves; clean, straight metal flumes 

of the smooth interior type carrying clear water and in perfect 

n=.oi3 for clean, straight and regular channels of planed boards not 

. in perfect (Mrder due to inferior workmanship or t^; linplaned 

boards newly and caref^illy laid; metal flnmes of the smooth in- 

terior type for water carrying a small amount of silt or with clear 

water and gentle cnrvsture in alignrnent; concrete linings having 

steel trowled surfaces of t : i mortar earrj^ng n-ater jMacticfally free 

from silt; sand and cement plaster; best and cleanest brickwork.' 

t(=.oi3 for clean, regular channels of ecmcrcte having steel troweled 

' surfaces of t:i mortar with a small amouiit of gentle curvstult hi 

itiigndient or carrying water mth a smair amount of silt; metal 

■ flumeSrfthe smooth interiortypehavingsharpctfrvMurt of used 

fOT watercarrying a largeamo-jnt oFsilt. ' ', ' ' ' 
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10 HYDRAULIC AND EXOAVATION T4BLBS. 

n— .014 for clean, regular chanuela <J concrete haviiq wooden 
- tfVKBled wt fanned surfaces <rf good coiutnictioa, tfae aHgoniml. 
coii^stliig of tangents connected by gentle curves; implaned boarda 
not in perfect order due to inferior workmnvsliip or Age. 

n^.oi; for construction as m the preceding case but with sharp 
cni vMlUe Of with deports c< silt on the bottom of chuiael ; straight 
and reguter channels (tf ordinary brickwork; smootli stoneworb; 
foul and slightly tuberculated iron. 

rt=.o3o for channels of fine graTel; rougb set rubble; ruined 
masonry; or tuberculated iron; or for canals in earth, in good 
condition, lined with well-packed gravel, partly covered with 
sediment, and free from vegetation. 

n=.o»35 for canals in earth in fair ootuiition lined with sediMmt 
. andotcMJCBialpatcheBof algte, orconyiaedof kweepayatwithowt 



Ji==.e35 for canals and rivers of tolerably uniiong onss DCctiDiv, ilape 
and dicection in average conditvon; the water slopes being lined 
wth sediment and minute algte or composed of looae, coacae 

B— ^o ton canals and riveta in rather pour coodititni, iMving b«d 

partially covered with debris, or having comparatively smooth 

udes and bed but a channel panially obstructed with gpua, 

1ieeds,,or aquatic plants. 
11= .03 5 for canals and rivers in bad order and scginien, havic^ the 

GhaniKl strewn with stones and detritus or about one-third full 

af -vegietalion. 

Canals in earth with their channels half full of vegefatioa may 
have- »:=.o4o, and when two-thirds full of vegetation may have 
K=.^o. In exceptional cases the value of n may reach .06a. 

V,-zi.-uoi,v- Suppose the surface slope of a stream ai a ga^i^ 
station is 0.00050, or the fall is yi Coot per thousand feet (or 2..64 
feel tO' thre mile), the hydratiHc radius (r) is 7.5 feet, and the eon- 
dition of the stream is "in bad order and regimen." 

mien OB page 45 ^^ i»*^o.o35, slope =0.00050 and '=j-i^ »»« find 
tiM meut velocity to be 3.7S feet per second. 

Note-— To find velocities for slopes other than thuse.^ven in this 
tabkr Duiltiplx the tabular vekicity found in the. coliunn c^ "¥=' 
i^.Soi" bf ten times the square root of the slope^ Tlie velocity 
thuft (Atained is accurate for slopes greater than 6 feet per mile, 
and approximate for slopcsgreater than 4 feet per mile. 
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.HYDaAtTtlO AND EXCAVATION TAHLSt. 11 

I T'otkis. — Table 12 gives tbe area, wettedperiiWEtat and hydnttlic 
^diui c< partially filkd boneshoe and circuhr oomhiit oaetiMB. 
.. Tt^k 13.— Table 13 gives tha aiea and hydraulic ladiiis of thf 
MoniitHivial Hzea of semicircular steel fliunM 6cniii^ full tmd witk 
TwiuHi BDXNULts d freeboafd. 

, Table 14. — Table 14 give* the area and hydrsntic ndiu* of fee- 
taagujar chanaelt for various depths and bottotn widths. 

Tabltf i-S to ^o. — Tdbles 15 to 30 give the top width, a>e«, and 
hydraulic radius of trspeEoidBl channels for various center depthn 
«nd bottom widths with aide slopes of yita 1. i to i.iH ti»i. ^d 
b to. I on. both aide«, with, one side dope i to i and ooe nde slopt: 
I'A to I, and with one aide slope 3 to i and one side slope i^ to 1. 
. TiibJa 2/ .-^Table •! ^ea the discharges In cubic {eet per second 
ovQT.iQipolletti weirs and M^^ireafied dim^dgEd tectaagnlar wein 
foe yarioiu le^:tha and depths of water on the crest. The fomiula 
from i^dh this table is computed is Q'^i.^.tjUP , where Q ik 
the dischat^ in cubic feet per second, L the length in fcet of the 
t^st of "Sw weir, and Ff the depth in f^t of water Sowing ovet- 
Wie-weir. 

. The ^i^ailktti weir diflfen from the wclangiiliif fofni in having 
side sldpeS of 4 vertical to i horizontal, instead of vertical sides. 
VtS'Coeflident of contraction is unliy and hence hi dischaije is 
more readily computed than that of the rectangular weir. 
■ fiinee the discharge is proportional to the leiigth of weir, the table 
may be nsed lor weirs Of any length by multiplying gOme value 
wmid in the table by the proper factor, or by moving decimal points 
and'addii^, tmt the tabiilar values are not accm^te in case thtr 
head'b greater than otie-thifd the length of the weir. 

ExAMPiB: Suppose the weir has a length of 345 feet and a depth 
nt witter on crest of 0.7a foot, the discharge would be equal to that 
«f jwetrsWhoselcngthaatejoofeet, 40fect, andsfeet. On page Sg, 
*pposfte figure ".72," !n Ae cohinin headed "Depth on crest," we 
ttave the fotlowing: 

,. .■ . 3«oIeet ™^ 'seoond-foet. 

,. ^ 4ofeet(i-io of 400 feet)~ . Sa. 3 second-feet. 

5 feet (i-ioo of soo feet)"» jo. 18 second-feet. 

345 ftet ^709- s^ second-feet. 

., X<^^ 23.— Table ai gives, vMluea u£ HfiKbel's coeffident .» Sm 
JBomp^ting the discharge of submerged weirs. 
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12 -BnnmAULro ant* excavation tablbs. 

TaBU aj. — 'Tabic 33 gives the diachai^ per foot of leogOl over 
sharp-crested veitioal tnirs, withDst end contnurtkuu, erf lieI{!Lis 1, 
4,6,8, 10, 30, and jofeet, computed from Buin'sfoniiula. Aldiinigfa 
this fonnula is based ott data obtained from expaiHtents witiii JMftda 
not greater than 1.64 feet, diachaigea forfieadsof 4 feet and lenoonr- 
piited thereby t^ree within 3 per cent with those obtained by uae of 
the Fteley and Steama formula. The diechai^ given by this table 
is corrected for velocity of approach and the head to be used ii that 
observed 16 feet or more upatream from the crest erf the weir. 

Tablet 04 to 26. — Tables 14 (o 96 give nniHipliere to be applied tn 
quantities in Table 93 to determine the discharge over braad-crested 
weirs of various types and dimensions. 

ExAHPLE; Suppose the dischatgc is to be computed over a weir 
of rectai^ular cross section tiiat is to feet king, ii feet bi^, 6 feet 
wide at aest, and has an observed head of 1.4 feet. Table 33 diows 
that for a hel^it (^) of la feet and a head {k) ti 3.4, the diK^uug^ if 
11.43 aeoond-feet. Table 34 shows that for a height {p) of 13 feet, a 
crest width (c) of 6 feet, and head (A ) of 3.4 feet the multiplier is.o.797. 
Hence, the discharge is 13.4^X0.797X10=990 aecond-feeL .With 
two end contractionsthedischat^e would be 9.9 1 10' — ^^-^J—94.3. 

Table* 3? and sS. — Tables 27 and j8 give the dis^iaige of standard 
and suppressed rectangular submerged orifices. 

Table ag. — Table 39 gives the flow of water in second-feet and the 
velocity in feet per second in wood stave pipe, computed by the 
fonnula jnvposed by Fred C. Scobey in ' ■ The Flow of Water in Wood 
Stave Pipe, ' ' Bulletin 376, United States Department of Agriculture. 
This formula is based on a consideration of all recorded tests of flow 
in wood stave pipes, including many by the author himself. Its 
application meets (within i per cent) the mean of all velouty 
observations and the mean capacity of all wood pipes upon which 
experiments have been made, but being an averaging formula it 
°;ives results which are as lively to be too large as too small, and itf 
-tixceptional cases may be in einir as much as 15 per cent. The 
author recommends that "a very conservative factor of safety " [ro 
or IS per cent] "should be used where a guaranteed capacity is to 
be attained. " 

ToAIe 30. — Table 30 is taken fnjm Mr. D. C. Henny's discussion 
of Mr. Scobey's paper in the bulletin mentioned above. It pves 
the vidttes of H in Kutter'a formula for variona vetodties computed 
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SmWAUUO AND EXCAVATION TABLES. IS 

ftom On tMti recocifed in Mr. Seobey '■ f«p«r for tile nM of eagiiMen 
tiba mtiy dewc to baae their dkn^a on the Kutter fonnnla. 

TakU ^.— Tdde 31 gins fhe flow of mtter in aeoatid-feet and the 
-relod^ in feet per Mcood in pipes tMsed on tiie Haien and WIliAtnB 
fomntla s— c t*-* «"-" o.oot'^-'*, naii^ a valne of the floeflkient 
e»ioo. (See "Hydisnlic TWika" by WUlonis and Hazen, ad ed.. 
1911.) This THlne rrf c is recommeiided by the authors for lo-year- 
old riveted Steel pipe and by the use of the muHipUeTB given below 
the tables they may be made to cover a consdciable range of mate- 
riids and conditions. 

Table 33, — Table 31 gives weights per foot of cast-iron pipe. 

Tlofrlr 33. — Table 33 gives theoretical velocities of flow for diftbient 
heads. 

TiAIt 34 to J7, — Tables 34 to 37 give the volume of excavation 
in cubic y^s per 106 feet of length for various center deptlu-and 
sde slopes, assuming the groimd to be level transyersely. The 
volnme required is the difference between two tnangulor prisms. 




In fig. I is abown the cross-section of a canal that has a bottom 
width of 18 feet and nde slopes of i^to 1. The anwunt of material 
in the prism C B P £ is equal to tbe volume of the prism A C £ 
minus the volume of the prism ABF. As A C B has an altitude of 
rQ feet and ABF has an altitude of 6 feet, the volume of cadi tot a 
length of loo feet can be obtained ftom the table. Opposite 16 in 
Table 35 on page 116 is 1^1, which is the volume in cubic feet of 
ACE per 100 linear feet; opposite 6 is soo, wUdi is the .volanw ' 
of ABF. 

AsCB FK-ACE-ABF 
C.BFE-i^a-soo 
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t4 a:viauui.ic akel hxcavation 'Tablss. 

Whenworkli^-upqiiimtttktfor catiul excavatkmit iaooly'iirifce*' 
sary to sdnmet the valume bdoor tfae bed onoe for Mch tirile «f '&* 
eadi lo mik^ tbnamaking the use of the table tnudi nwrt ra^wll 

Tablet j8 to 40. — Tables 38 to 40 give dkc Tidiime of excfiUBtibaT 
in cubic yards pec 100 feet of length, wheie the surface dopes traasJ 
versely, lot voiiouacenter depths and side alopes. They differ ivn 
Tables 33 to 36 only in that the eaith surface is sloping- g«>wt4 
iusteatl of being level trapsvusely. Th« awfBce slope iB'ftxpMs9ed> 
in per cent, a to per cent slope being i« vertical to too horijravtaii.) 

Tables 41 arid 42. — Table 41 gives three-halves powers of nun^en^ 
from o to .1-409 ^y thousandths, and Table 41 gives tbiGe-hal-vcs 
powers «f numbers from ujo to 19.99 by hundredths. These, tsHes 
are designed especially for use in connection with formulas for disi 
charge over weirs. 

Table 4^ — Table 43 gives the squares, cubes, ^uare roots., cijbe 
fbo^. reciprocals, an^ area and circumference of circles. , 

Table ^^.--Table 44 'giVes the difference of elevation in feet per 
mile for various angles of slope. 

Table 4$. — Table 45 gives thedorrection in feet for cury^tuu 
and Infraction. 

Ti^le 46. — Table 46 is designed for use in stadia work add gives 
the difference ^ elevation corresponding to specified ^snt distances 
for vertical angleabf o" 1029°. The horizontal distances correspond- 
ing to the slant distances arc also ^ven for varioos vertical angles. 

Example: With the ioatnunent at A a veftical ai^le of 3" 10' 
is observed on a point B which is distant 3 50 feet by stadia reading; 
find the difference in elevation of A and B and the horizontal 
distance AB. Opposite 3° 10* in the first column of the table, 16,5 
is found under a distaiux of 300 ami i*.ij under a distance of 400; 
and interpolation for a distance of 35a feet gives 19..3 feet fpr t^e 
difference in elevation of A and B. Interpolation for 350 between 
the values In the 300 and die 400 distance columns of the Tiorlzoptlil, 
distance lines 'at 5° and 4' gives, respectively, 341)^0 ant} 348.2';' 
:uid an additional ihterpolfition gives, for an angle of 3° i</ fuid a' 
. slant distance of 3S0, a boriEoiit^ distance of 348.^ The horiwinisrf 
distance of AB is therefore 348.9 feet, ' . > ' 

Table 47. — Table 47 gives values of c ia the foTtntita v—c^/rs for 
use iit Qompittiag the mesn velocity of the flow of streiunA 

Tabl* 4S. — Table 48 gives the average, limiting or mean wei^ta> 
per cubic foot for various substances. 

Table 4g. — Table 49 gives nnuiy convenient equivalents arranged 
under suitable headings. 
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TMfrte ,t. — Vttotkyaf leattt in /*tt P^r ttconA.bofi «i 
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Table 3. — Velocity of viater in fett per sectmd, bated onKuUtt'i 
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U -.012 — Continued. 
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Table ll.—V^ocity of vxtUr in feet Per second, based tnKuHer'i 

formula, coe^kient of roughness 
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fable ll.~Vtkcity of -wcUr in fett ptr sKond, bated. 9>»KiiUin'r 
jormiila, coefficUnt ef rottglutaa 
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Table ll.-Vdocily of water in feel fer sectmd, boxed onKfiOer't. 

fortnata, coeffUierU of rmighttess 
P -.035 — Continued. 
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Table lS.^Area in square M, A, lop widih in f^t, T, and 

hytfrOMlic radius in fed, r, of trapezoidal chtatneU, 

side slopes ^ to l—Continoed. 
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Table lli.~-Area in square feet, A, P)P tviiUA 
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tide slopes % tu 1— CoDtinned. 
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TalDle lS,—Aua in tquare ftet, A, top vidlh in /eit, T, and 

kydtaulic radius in feet, r, of trapeioidal dianntlt, 

side slopes H to 1 — Continued. 
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Table Vft—Arva in square feet. A, top width in feet, T, ami 

^draulic radius tnfeet, r, of trapezoidal ehannets, 

Bide slopes ^ to 1— Continned. 
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Ia/4rai*iK radius inj»tt, r, fi/ ^(iptiviiM fhann ^ t. 
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60 Hyl>BAUUO ASD BZCATATIOH TABLES. 

Table 10.— Area in square feet. A, top width in feet, 7 
i^draulic radius tn feet, r, of trapezoidal ehanneli. 
Bide slopes 1 to 1— OmtinnMl. 
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HTDEAUUO AND EXCAVATION TABLES. 

Tabid 16.— Area in tquam ftel, A, lop widlk in feet, 
kydrmtUe raditu in feel, r, of Irapeioidal channels, 
side slopes 1 to 1— Continued. 
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dS HYIHtAUUO AND BKCAVATION 

Table l^—Atra in tfuam fmt. A, top nidtk m /wf, 
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side slopes i to 1— ContinuBd. 
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SYMAULIO ABTO BXCAVAflON fABLRSv 0}) 

l^bM lO.— ^«o in square feet. A, top loiith infett, T. md 

l^ntnoilK radius %n feet, r, 0/ trapezoidal chamiHJ, 

side slopes 1 to 1— Continned. 
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Table 17,— Area in square /<iei. A, top width in feet, T, and 

hydraulic radius mfeet, r, of trapezoidal channels. 

Bide slopes IJ^ to 1. 
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Vaitlt ll.^Arfa in square /M, A^. tap wUltk in^t, r,*igt 

'lefdrttuHt: radius tnjfst, r, e/ irafiiuniai cAtiuuis, 

Bide slopes 1^ to 1— Continaed. 





BMtomirMUi 


Boltmn widtb 


BottnmwWth 


Bottom wuth 




6(Mt i 


liMt 


8(nt 


Uteat 


1 


r 


.rf 


>} 


r 


-<< 


'!■! 


r 


- 


ll 


r 


4. 


1 


M 


T.2 


"bm 


• xs 


■"g'2 


Tm 


~k" 


g.! 


iM 


.88 


JO 2 


H 


37 


a 


■TtS 


tn 


M 




i.74 


:b2. 


•^ 


BM 


.*> 


wis 


M 


U 


s.7e 


M 




iS^ 


.OS 


VtA 


188. 


.(B. 




KK 


M 


tA 


Ml 


7.EI> 


.IS 


1D.0 


B£lt 


» 


B« 


flL» 


.tt 


is.a 


OtW 


M 


t* 




9t» 




w.a 


aa 


M 




li.711 




K.e- 


i.M 


■.« 


tu 




11.W 








1.08 


12.2 




].0« 


18.2 


6U 


1.11- 


s 


^ 


St 


I'm. 


la!* 


iJi 


l£ 


118 
IM 


93» 




n.8 

M.4 


1*^ 


13 


%m 


tftft 


IMO 


i.» 


110 


JCLOC 


.A 


14J1 


es 


.48 


IM 


I4A> 


.48 


&K 


US 


I0.4S 


i« 








IftO 


.K 


Kf 


fM\ 




*2 


18.2 


^.01 






15.44 


M 


16J 


37.84 






&% 


!ti 




ftAtlS.74 






n8» 


.7B 


IM 


8a»i 


Itb 


WJt 


,88 


%M 


lU 


18.M 


l.TT 






.« 


U^ 


•4J8 


.8k 


17.4 


KM 




a* 


U« 




l.«7 






.M 


u.a 


17^ 


1.98 






1.04 




IM 


u'm 


J" 


Wfi 


»7:7( 


.04 




4a9f 




18.S 


41;U 


IIL 


s^ 


1(1.2 


!iS 


i07 




41.14 




IS.3 




?-2" 




47,9 


1.28 


aA 












18.8 


4siBI 


131 






im. 


&i 


1I,< 


M.iS 


aisa 


is!* 


41W» 


;» 




KM. 


3.40 


J0.4 


IBM 


iM 


ftA 


ILO 


«^ 


2J16 




92.00 


3.48 


20,0 


K.V 


3.50 


n* 


!^ 


2J8 


LM. 


n.a 


B1.M 


















1.88 










20.2 














*8,64 


178 




lis 


59* 


a.ej 


20.8 


ssiw 


aiTi 




ax-M 


2:79 


23:b 


roi 


3.98- 


** 


aa^ 


HAM 


173 








22.4 


72.»8 


3.88 






2.98 


KM 












3.90 






3,9B 




82.50 sot 




31:8 


n.M 






7B.« 


2.W 




82!ie 




248 


87 86 3.M 


S^ 


22.3 


76,1* 




332 


81.64 


8,08 




8S.W 


8.16 


15.2 


92BI 324 


OM 


2t8 


SO.M 


3.07 




88.24 




248 


91.84 


829 


268 




OlS 


3M 


SSJfl 




24^4 


SI .on 




36.4 


96 IC 






MB^BB 3 41 


«0 


ate 


90 00 


939 


2i.O 


M.0O 


SB. 


360 


102,00 


844 


37,0 


I080O SU , 


«UB 


246 


94 8fl 


a.81 




101 JM 


48 


2*8 


OT.a 


868 


27.6 


113 46 3 68 


&4 


as2 






















6k« 


2»8 
















28.8 


124:74 8 7> 


«JI 


■a.* 


lloilB 


160 


27.4 


Li6!a« 


.70 


2S.4 


12S.7fl 


also 


3J.4 


mU 3JS 


Its 


2Ut 


L1B.60 


170 












3.90 


90.6 


186.U 3.!* 


7^ 


28A 






W.6 


m'M 


4.02 


Bolfi 


[44SS 


4,12 


31.6 


laiw i,-A ■ 




»U 


HiM 


4W. 


81.0 


IBiM 


i24 


82.0 


180(18 


4.84 


830 


IffiOO «« 


Stff 


81.A 




vsa 


316 


lasa 


4.40 


hiA 


176.88 




84,6 


181.88 tm 


•« 


SS4 


176JW 


46« 


840 


M4*) 


468 


8S.0 


198.M 


4 78 


M.0 


302 80 488 


9x11 


91.6 


iiia;« 


*.TS 


3»:6 


201ja 


*.8J 


8«.a 


211.88 


Hl* 


87.6 


23088 &,U 


1» 


se.s 


210.00 






aD.o> 


0.11 


SBA. 


apooo 




X<A 




U. 




^15.60 


S.& 


40.0 






aa. 


»j.» 


&es 


«4 


im.» 6,76 



HYDBauUd AHD ftXCAVATlON l-ABLBK 



aide slopes i}i to 1— Continued. ' 





Bottom wiath 


JMtom width 


BMtom width 


Bottom wUth 




latnt. 


12 tat 


Mitel 


16 feet 


1 


r 


•< 


!| 


r" 


A 


ill 

1 


T 


•< 


[1 


T 


A 


fj 


1<0 


u. 


iijse 


M 


UJ) 


UM 


JT 


17.0 


IBJSO 


M 


18.0 


t7JB 


J8.- 


1« 


IS. 


14.1f 


M 


UlS 


W. 


LU 


17.8 


1S.BB 


.08 




21JM 


IM- 


1^ 


14. 






18.2 






22.84 




2o!2 




1.20 




U.8 


19.M 




M.S 


28M 




u!a 


28.34 




SOS 






LS 


U. 


22.89 


IM 


1T.4 


28.48 


.48. 


u,i 


MM 


.a 


zt^ 


88:68 


IM 


»J> 


10.0 


ea.a> 


ija 


UjO 


8CUX> 


JO 






IM 








*M 














m< 


88.0 


in 


23:8 


43.41 




*^ 








1B.2 


87.44 


'm 


S1.3 


42.3 


1.86 


38.2 


47 J> 


M 


ms 




ea.n 




85 


tlM 


.98 


21.8 


48.G< 


1.9> 


28.8 


61.74 


M 


«« 




B9.7S 




86J8 


108 


2U 


tOM 


3.11 


244 


68J)C 


■"■ 


SA 


ts.6 


BJO 


3.0t 


avo 


♦MO 


in 


»D 


asjB 


a 


XO 


n-jw 


3» 


^ji 


1S.S 


47.88 


iaa 


21.8 


IW.78 




.8 


eau 


20.6 


<e.G> 


s^ 








ffi.2 


e».H 




84 .» 


,47 


18.2 




.64 




20« 


88^ 












.se 


ZA.S 


K 




s^ 


m,4 


».S6 


3.81 


2M 


«TJ» 


jiei 


A 


Sm 


3.70 


27.4 


:7s 




210 


S4X« 




34J) 


run 


l-W 


38.0 


SDJ» 


M 


28.0 


88i» 


%!»■■ 




s.e 




m 


38.6 


1SJS 


i^ 


20.8 


85.28 


38.8 


»M 


U\ 


4A 


39.2 


TiM 


.81 






37,2 


80.84 


:o8 


29.2 


,99.44 


112 


4« 




TIM 


a.91 


38.8 


&'l 


8.04 


27.8 


96J4 


.14 


3K8 


105* 


ss 




2U 


^M 


SJ» 


as.1 


i.u 


38.4 


101.18 


8J8 




iu.Be 


tua 


2BJ) 


«JM 


s 


»J> 


97 JU 


3.28 


38.0 


107 JM 


186 


31.0 


17.60 


;» 


JMI 


ZGjS 


lOA 


»4 


UBM 




28.S 


113.38 


146 




128.78 


M- 




se.2 


n.t 


S.S1 


ffi.3 


86.64 












iau.i4 


,87 




24.8 


10S.0 


&41 


3&.S 








1Z&.44 






38.6 




JU 




V»M 


uo 


3M 


UOjQt 


IW 


31.4 


131.68 


3,77 


88.4 




«■ 




2BjI> 


114 M 




aoA 




8.78 




I38i10 




84.8 


1S0.O8 


8.W 


«3 




IM 


s.8a 


aoLi 






^'.B 






34.8 


156« 


4.08. 


0^. 




M.44 


8.79 


ms 


88JW 


3.91 


8a.2 


L5i:04 


4.07 


M.3 


lflS.M 


ts. 






131 .S4 


S.88 


31.8 


U4.84 


4.08 


Sg.» 




4.17 


38.8 


L70.9 


«;■ 




137.M 


&9S 


su 


IHkSe 


4JS 






427 


884 




488 


1M 


«iia 


t«JiO 


4JW 


SSJ) 


107.80 


128 


gjj) 


171 JiO 


4.87 


37.0 


186.80 


4.« 


TJl 


au 




4^ 


aa 


174.88 


«7 


SOJi 


ISSM 


461 


38.5 


90488 


4.7S.' 


.SA 


su 


TKM 


U> 


8tJ) 


192j(0 


1.70 


38i1 


2aej8» 


488 


40.0 


2MJ» 


4 80 


aj 




ISSJ8 


478 


87J 


mas 


4.W 


S9J. 


SD7J8 


KM 


41.6 


914.88 


6:m 




STjO 


EUJO 


4.W 


8*.D 




(L18 


41:0 


917.60 




48 Jl 


366M 


6.« 


•^ 


BU 


IBOM 


6^ 


4Ck8 


amjt 




43.8 




5.88 




387 JS' 


6.72. 




40 J> 


JGOiU 


5M 


4U) 


mM 


8.88 


44/) 


IBOM 


6.72 


48.0 


no.o( 


0.18 




41.8 


2TO« 


S.88 


43 Ji 




fi.84 


4BJI 


S12J8 








4» 


u 


48 


101 .S 


S.BT 


IS 


818.8 


a.oT 


47 


»« 


8t28 


48 


867.8 


8.42- 






stai> 




48 




&81 




M4.0 


&7a 


83 


40B.» 


sa 


IS— 




SSB-S 


9.74 ■« 


laL 


0.99 


68 i43B.6_ 






451.6 



anrDRATlUO ASfSt B2XU.VAXI0N' T&BLEB. 

Iteblb n.—Arat in siptatt fmt. A, top ■width in fitt, 
byimuUc raditu in feel, r, (^ trafi^ ■ ■ ■ ■ 
side eAopes iK to i-^-OmtiitiMd. 





Bottom iridCh 


-a^-" 


■"S-S'* 


J^.y 


1 


T 


-t 




r 


A 


n 


T 


A 


S| 


-■ 


it 


^1 

I 


■~IM 


ai.o 


Tbm 


90 


23. 


11. CO 




210 


e-M 


.93 


37.0 


38.60 


.93 


' 1.2 


ii.tt 


23!? 




St. 


16.18 


LOB 


30,6 


38.M 


LOS 


37.6 


K.9 


1.09 


1^ 


M.3 


2S.I 






8a9 


i.a 




13.7 


1.24 


3S.1 


30.6 


1.36 
















38.8 


19.04 


1.40 


38.8 


43i& 


1.43 


1^ 


3K!i 


a?, a 


ua 


2i. 


4U.S 


l!64 


27.6 


44.48 


Lse 


39t4 


4a« 




M> 


14.0 


4U.0 


1.67 


2S.A 


46.0 


1.68 


sao 


«>.l» 


LTl 


MO 


640 


li78 


9Jt 


14. B 






38.6 








6916 


LS6 


80:4 


«ao 


L81 


*^ 






l!94 






1.98 




61.4 


3.00 


1L3 


66.3' 




2.6 


£S.g 




3.08 


37!s 






29.8 


67.3 


s.ie 


«.S 


7a.& 






S8.* 


«2.ia 




38.4 


m'.i'i 


3.36 


30.4 


13.30 






j&» 


3L13 


a« 


27.0 


67. S 


a. 34 


29.0 




3.3S 


31.0 


T&SO 


3.a 


13.0 


gS.6( 


3.-46 








3.47 






i.<e 


31.6 


89. 7i 


3.66 


13.6 


93.11 




a.4 


3g!z 


Tsis 




so: 2 


as! 3. 


3.6S 


S3.3 


93.1 


3.09 


34.3 


98.» 


3;T3 


».a 


3g.8 


84.24 






81.+ 


3.77 




98.6 




S4.B 




3186 


' a^ 


S8.4 


tao9 


3! 84 






3.90 


33.4 


m.x 


3.96 


16.4 


iixa 


3.99 


*M 


».o 


99.00 


3.H 


32.0 


UM.OI 


8.02 


34.0 


113100 


*.<» 


16.0 


139.00 


ft 13 


*a 


sa.a 


cao 


8.08 


31.6 






34.6 


118.81 


1.30 






3.31 


4.4 


S1.S 




3.20 






8,36 


3J).a 




3.33 


37.3 


134.' » 


8.38 


*M 












3. 33 


3J).S 


l»» 


1.44 


87.8 


^h 


3.10 


■ 4.8 


Bi:* 


mw 


b!4B 


34.4 


uact 


3.60 


36.4 


uaii 


i.te 


3S.« 


148.71 


8.61 


9J0 


S3.0 


127.8 




35.0 




a. 62 


87.0 


147. R 




89:0 




S.75 


lU 






3.K 


39.0 




8.7) 


37. S 


164.91 


8.30 


ftS 


tea 31 


3.87 


S.4 






8.78 


36.3 


51.7. 


3.84 


8&2 


162.6 


1.92 


!73.3' 


8.98 


tf.6 






3.87 


36.8 


!iS:$ 


a. 96 


88.8 


170.3 


4.03 






4:11 


S3 


1&4 


164. SB 


3.B7 


37.4 


4. Oft 


89t4 


imoi 


4U 




i8e.« 


4.33 


&0 


se.0 


16S.0CI 


4.09 


8S.0 








KS 


4.38 


42.0 


i9«.oa 


' 4.34 






168. a 


4.17 


38.6 


Bl.« 


4.27 


Wo 


4.38 


42.6 


306. 4< 


4.46 


&4 


37. a 


170. fli 




ma 


»i9:4- 


4.37 




xa.2t 




43.1 


tI9.» 


4,67 


«.« 


87.8 




39. S 


97.34 


4.« 




»a54 


460 






4<«8 


«.8 


sa.4 


m.78. tfl 




IW.3I 


1.57 


4i4 


3i&et 


*.a 


44^4 


Q3.M 


4.70 


7.0 


88.0 


mao 4.« 


41.0 


S^ 


4.72 


43.0 


27.6( 


4S2 


4AB 


14J.M 


490 


7i« 


40.S 


n9.3l 4.87 




4.9B 






ti.ie 


M.S 




fklS 




41. 




44.0 


3M.Ba 




46.0 


93; 01 


nifi 


48.9 




6(41 


8.S 


4t.C 


iMl.38, S.«7 


45.9 


"^ 


S.S) 


47.6 






4».S 


113. 31 


6i72 


. 0.0 


4&0 


»a.u'£.e 




m-Hi 




4A.0 




I.B 




ItT.fiS 


'6.86 


«.s 


4KB 


W».3S,«.8B 


48^8 


m.^ 


6.00 


saa. 


344.3J 


6.13 


12.6 


»».3a 


6.24 


«u> 


4&0 


J80.0I Mo 


eD.0 


latoo 


6.34 


si.a' 


m.9» 


6.17 


64.0 




'6.« 


10.0 


tf,G 


lELSS S.34 




Z7S.S1 


6.« 




XtLX 


6.tB 


U.i 




6.T6 


11 




m«, a.ss 




401.fi 






423.6 


6.S7 


6T 


446.6. 


xm 


IS 




BS.0 T.06 




156.0 


7.21 


£8 


4S0.O 


7. IS 


60 


504.0 


Jl 


»LJ 


.wj 


B7.6 1 T.K 


M . 


U3.B 


T.68 


M 


5-'ill^S_ 


l-JB 


63 


S»i 



C8 snrxnujuo' «<kd bkcat&tion! xables. 

VMUDe IT.— >4na in ^^wow >Kf, A, Ipp wiilh m yM, 71, ««( 
sifto Slopes IK to l-rCaint3au«d. 





— St4*' 




3oM 


l^^.«, 


A 












g'^ 






s 


i 






4^ 


1 


r 


A 


r 


i 




T 


4 


t 


r 


4 


' t 


1^ 


39,0 


r.» 


w 


ILO 


ns 


.93 


t3L0 


£S 


.04 


3S.0 


n^ M 


ika 




















i^ahs 


ti4 


ta.i 


«a.3 




sail 


4Xlj 1.x 




44. M 


LIS 




i.e 


10.8 


ts.« 


1.4B 


ta.> 




84.8 


'a 


iS 


K.8 


J6.W 


1;48 


1^ 


IL4 


tLM 


La 


n.4 




81.4 


37.4 


8it.4( 


1.01 




no 


■g.«l 




tl.S 




86.0 


88.00 




lao 


Tftao 






K.fl 


M.4a 


i!so 


»4e 




36.8 


TS.» 


1.W 


J8.8 


n.8 






1S,> 


71.0 


a. OS 


s&x 


73.82 ^"^ 


87.2 


80.8 


2.09 


3ftl 


88.4 






UB 


77-7 


a. XI 


SII.S 










39.8 


•8.3 




&B 




efci 


3.M 




SoilS 3.C7 






2.39 


4014 


uue 


»41 


ftO 


U« 


n.H 


!« 


87.0 


>T.«J9.ai 


3B.0 


103.60 


3. SI 


41.0 


■eoif 


.aw 


aa 


u.a 


w.e 


1.01 


(7.8 I0L94 a.ft. 


39. fl 


111.31 


a.«8 






vn 


s^ 




100.7 


2,78 


SS.I 113.H 




40.2 




a. 82 


43^2 


88.1 


>.S3 


a^ 




M3.0 


a.eo 


88.ll m.H 


2. at 


4ftS 


127.4 




41.8 


l£Si 


.%» 


ais 


»i 


iaQ,« 


a-n 


ai.4 


138.00 


8.07 


41.4 


186.8. 


si 10 


43,4 


S.1S 


«o 




iK.it 




40.0 


118.00 


S.31 


42.0 


144.0( 


3.34 


44,0 






4b8 




m.«i 


>■ 


4a8 


144.08 


S.R4 


41.0 


182.41 


8.38 


44.6 


10,8 




4rf 




M3.4 


8. 


4LZ 


iBia 


S.47 


43.3 


181.04 


3.31 


45.2 


tests 




«.6 




Ul.ft 


9. 


41. S 


u».& 


3.80 


43.8 


160. T< 


8.H 




78.* 




*JS 




uiLSa 


B. 


43.4 


us. 16 


■.73 




173.61 




40.4 


HKU 


4.81 


KO 


*! 


MO.M 


B.80 


4S.0 


iTrw 


3.88 


46.0 


m.s 


aeo 


47.0 


m.« 


a, 98 


fl.3 


17S.7< 


s.gi 


43.8 


lain 


3. 08 


41.8 


i»a.6ft 


4.03 




m.9 


4,08 


*^ 


4a.S 




4.06 




IM.» 


4.11 




105.7. 


4.18 




16.6 


4,21 


fl^ 






4.n 


44.S 




4 23 


43.8 












' *A 


U.4 


an.* 


*.» 


41.4 


uisi 


4.36 




124. *< 


4i41 


4S.4 


mo 


4.46 


• mjo 


uo 


naoa 


4.41 


40.0 


01.00 


4.47 


48,0 


2M.a 


4 63 




148.00 


4<6» 


«.3 


M.S 


118.8 






3il.W 


4. BO 




143.81 






268^0 


4.71 


0^ 


U.3 


3ZT.S 






140.8 




49.1 








»0.1 


4.83 


S.8 


«.s 


mft 


4.78 




Mai. 


4.83 




m.3' 


*.as 


Biia 


78.S 


4^96 


«.8 


tf.4 


3M.1S 


4.87 


48.4 


18a. 78 


4. as 


6^4 


xn.M 


S.01 


32.4 




IU)8 


M 




H&GO 


4.W 


49.0 


189.S0 


5.011 




at3.6d 






ST.M 


i.3a 




M.'* 


KftSS 


6.37 




lM.3g 


S.30 


ta.i 


x».sa 


A42 


H.3 


424.39 


.3C4I) 


8^ 


M.0 


MM. 00 


i.S4 


(a.0 


KOlOO 


(L43 


54.0 


336. oa 


».n 




B.79 


B;S 




S3t.3a 


1.81 




Ut.»g 


S.« 


Bf.S 


iB8.Be 


6.00 


67.6 


iaa.3 


6.07 


ftO 


83. 


IKLH 


ao8 


fi&O 


373.60 


8.18 


67.0 


191.60 


^37 


6ftQ 


4DP.H 


-ej33 


»fl 






8.16 


68.4 


40L3g 


8.46 


eas 


4a>.88 


«.t5 




432.31 




lO'O 


«.o 


410.01] 


6.81 


fii!.a 






o&o 


Ml. 00 


e.sz 


ta.0 


470. M 


8.fl 


IM 


67.a 


43«.SS 


&W 


us 


IMISI 


8,98 


aLS 


480.38 


7.08 


83.4 


ttllSI 


1.18 


•? 


» 


4ST.G 






jgftE 












333.3 


1t« 


ll 




B2ao 












■,Tt.n 


7'.m 


es 


808.0 


»t7 


1» 


M 


«W:1. 


_&12 


6T 


lii 


«.1S 


M 


8i».6 


8.3/ 


7J . 


Ml. 5 


».» 



tilde 8l*pn IM 4« 1— OBttinaed. 





-"^^f"- 


SolMim'wtlUi 


BDUt»wtdth 


B«Mau-ldth 




*0f«. 


45 feet 


SO feet 


1 


r 


:i 


t.i 


r 


.4 


i! 


r 


jI 


si 

1 


r 


t 


1 


liO 


g 


»» 


JC 


«ii 


ffljo 


X 


«n 


4BM 


jS6 


»r 


~a6 


J| 


M 


MJa 




ffi4 


50.16 


1.18 


tta 


»U6 








1^ 


n 


8L91 




44£ 


W.B< 




«2 


•hn 








iS 


a 


*i 


G».B4 








I.4S 












m 


aue 


iat 


4U 


N« 


ue 


■U 


tbSt 


U7 


«M 


M^ 


kM 


H 


am 


1M( 


IHO 


«« 


n« 


1.K 




KM 


134 


H.0 


IMO 


i# 








'46,8 




1.1GI 








ee^ 




1$ 


<£« 




a^K 


4T2 


tMA 


itus 


«i3 


1.17 


gi 


1S8A 


•1 


it 


UA 


l^ 


a.28 


47.8 


111.14 


2.81 


5:i8 




2S^ 


140.1 


2% 


«4 




4SA 


UIJC 


2JI7! 


KA 




%M 


iS.4 


U1.W 


U* 


S 


MB 


uuo 


3.N 


d.0 


laiJM) 


2J8 


M.0 


MM 


ija 


59:0 


U3.t( 


L* 


M» 


m» 


a.71 


tt« 


18^ 






mx 


IM 


r,9.6 


mj 


t-V 


««- 






tos 


DSJK 






LTOJM 


i.m 




tST4 


•« 


U 


16^ 


4G.44 














3.13 




1K.4 


»l! 


4M 


uue 


8JB 


uU 


TIJH 


i3& 


KA 


IK^ 


L28 


•lA 


3a* 


•JB 


a 


«• 


tMjn 


S^ 


»u 


1Sf.tlO 


iM 








<2« 




i-i> 


WJi 


l'M.46 


8,46 




IB1.4B 


SM- 


Si'* 




1.68 


«ie 


i 


ii 


■«di 


«» 


l».M 


ua 


SlJt 


tCKA 


U3. 


ta.3 




ts 


lU 


i9 


£i 


48.8 


i£S 




63.8 










88.8 


lift 


«M 


ixi 


MA 


ilMf 


siaG. 


Mkl 


ZKUM 


IM 


UA 


374J 


■**' 


B 


•M 


eitju 


tOL 


«.» 


i«Ti» 


4.e» 


«o.a 




4.17 


(Sil 


»7Jt 




MJ 






&,» 


248 .H 








t8 








u 




t»i;74 


isa 


K3 


258.74 




flta 


»8.n 


*e.8 




a 


61J 


M*.(M 










61,8 


299.04 


4.68 


66.8 






MA 


aiM 


\JBi 


«,• 


381.4B 


4.« 




SUi« 


4.711 






4JI> 


it 






*Aa 


5B« 


2uun 






04.80 


4.84 


88.0 




4i4 


«BJI 


it 




GB.e 


806^ 




CM 




*.» 


686 


»7,4 


Se 


u 


SI 


s 


SI 


II 


s 


SI 


K 


ff. 


SI 


S 


II 


qM 


Bojje 


(US 


M4 




5.28 


<Bl4 




UJ 


78.4 


4M« 


AiB 


M 


H» 


gigflj 


539 


«L0 


"^ 


5.42 


68,0 


38S«) 


OlU 


71.0 


K 


i« 


tJI 


StJI 


HSJS 


U9 


fS^ 


OiM 


5,18 


m* 


4:U.8B 


a,st 


72J 


DA 


».o 


tTS.OO 


5S9 


AlO 


mm 


6.W 


68,0 


4.UO0 


8,18 


74,0 


498.0 


e.M 


«J 


«* 


U&A 


808 


«EJ 


Ksa 


eJ5 


70.8 


4eo:ss 


&JB 


J5.6 


5333 


MM' 


iMI 




tse.eo 












S«.50 








vm 


•J 


8Si 


Iot.» 


fl>» 


.tti 


MS«J.« 


78i 


683.88 


7llO 


78J1 


ttoi 


1M 




ee.o 


600.00 




JO.O 






76.0 






80.0 


160.01 


t;95 


l&J 


«ej 


BsaA 






«UI 




7&» 


»7!8e 


JJO 






s.es 


U 


(B 


6MJS 


759 


7S 


n 


7.80 


7S 


fi76,B 


7.'»9 


83 


781.6 


b:* 


»-, 


iL 


8SA 


siis 




&a8 


J_ 


ai 




8.. 


& 


m 



70 HYDBAUUO AND EZCAVATIOI) TABISB. 
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'TttUle'lS.— ^iMM-f'M Square feet. A, Up tvuHA inJeM, T, ami 

i^nirauiic radius tnfael, r, of trapezoidal chMitet*, 
side slopeit a to 1— Continued. 
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Table SO.— Area in square feet, . 
hyA'auMc radius *n fifel, r, oj 
one side slope 2 to 1 and one side slope IX t» l~-c«ii. 
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V«l3l<e 20.— <4»aj in square ftet. A, h>p ■andfh m fiut. T. iWg 
hydraulic radiits it feel, r, o^ tru^i^iiai cManmU, 
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86 BYDBAULIC AND EXCAVATION TABLES. 

Table 20,— Area in square feet. A, top •width in feet, T, t 

hydraulic laditu infett, r., of trapezoidal channels, 
one side slope a to 1 and one side slope IK to \~Ct 
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one Bide slope 2 to 1 and oae side slope 1>^ to 1— Coo. 
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Table 81.— {HnAwye in '*c.-fl. «f Cifnilkui im4 tvfptm**.tkim- 
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595 


714 


333 


863 


lioTl 
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TtMm »l.~Diselwgt » lec.-fl. nf CifvlkfUtnd tuppnttil, thht- 
xnpuudftum 0=3-36? £.H^— Contimued, 



Depth 


Langth of *dr in !«t 


(bet) 


1« 


M* 


>M 


IM 


«. 


■•• 


.•» 


IN 


■M 


•M 


Ml 


t3!.e 


^ 


MS 


l?l 


lao 


aia 


736 


"^ 


981 


,104 




136^ 




SOS 


031 


767 


88* 


.010 


.136 




i».e 








620 


aw 


779 




,039 


.109 




ffi 


300 








068 


8oa 


936 


.066 


.203 




200 




412 


M» 


887 


82* 


sai 


,0flO 


,236 


1 


S;! 


IIS 


m 


Jg 


gs 


i 


847 
869 


038 

,014 


41 


.270 
,304 


«.r 


323 




44« 


fies 




893 






,333 




828 


229 


fj 






763 


oia 


:oj8 


1221 


.373 


jm 


M.S 


23a 


469 


820 


782 


939 


,005 


JSB 


.408 


.U 


60.4 


3*1 


321 


4SI 


Sot 


802 


062 


1.133 


1,288 


1,4*4 


.e 


W.4 








B22 


980 


1,1S1 


1.316 


1.479 


.a 


98.S 










a*i 


1,010 




1.847 




.« 




Ml 








862 


1.0B4 


1:207 


i;370 


I.EBI 


M 


?«:* 


sea 








8S£ 


1.060 


1.235 


1,411 


1,688 


S 


I80.E 


Itt 


361 


542 


722 


903 


I0S3 


,294 


1.444 


1626 


184.6 




GS4 


739 


923 


liioa 


,292 


1.477 


i:662 


M 


138.» 








7SG 










1.60B 


M 


JflS.O 








772 


983 


liiea 


isBl 


1:544 




.M 


1»7^ 


2H 


ae4 


G92 


789 


sea 


1.183 


380 


1.677 


\!n\ 


.W 


Vr 


303 


403 


sl 


806 


1.007 


ijoa 


1.4HI 


1,611 


1313 


.» 


aoa 


411 


829 


t,Q2S 


1.214 


1.4*0 


1.S45 


1361 


.n 


iX6V 


31 a 


420 








1.2S0 


1,470 


1,680 


1390 


-M 


8».S 


aai 


429 


6*8 


8Sr 




1,286 


1.500 


1,715 




.W 


3t8.T 


338 


437 


686 






1,312 


i.631 


1.749 


lioos 


.M 


^:i 


334 


44S 


609 


SOS 


1.118 


1.338 


1501 


1.784 


2008 


.17 


341 


486 


Bsa 


910 


1.137 




1:592 


1.820 


2:047 


.IB 




948 


444 


eae 




1,160 








2.087 






iSS 






1.182 






lIsBl 


2,128 


Im 


3*0:* 


733 


oet 


i.205 


i:«5 


i:ea6 


1,927 




.U 


su.t 


36S 


m 


736 




J87 


i-iS 


1,718 


i,ees 


2.209 


JtS 


200.1 






I'oii 


.260 








Jm 


¥».« 


3M 


794 


jna 


1.517 


1:782 






M 


ki 


aes 




77a 




JM 




1,814 






J» 




S2S 




lioM 


1^9 


11683 


13*7 


aim 


2,374 


M 


aes.) 


S3 


K7 


8U 


J)74 


1,343 


1,611 


,880 


2.14S 


3,417 




27B.J 

277 .» 






.093 


1.3M 


1,689 


,912 


2.186 


2.459 


M 


4ir 


isa 


834 


.112 


1.390 


i,a«s 


,945 


2,223 


2.E0I 


M 


sas-T 




MS 






1.413 


1,096 




2.261 


S.54* 




*K.S 


431: 




sa2 


jsa 


1.437 


1,725 


'a\2 


2300 


2^7 


M. 


333.1 


13S 


^ 


877 


.tea 


.461 




3,040 


2,338 


2.630 




OT7.1 


i 




.ISS 


.485 




2JW0 


2.377 


237* 




SM.j 




i 


JOS 


.SIO 


.812 


3.114 


2,410 


2;717 


M 


sw.i 


^ 


J27 


,531 






£.466 


2-.761 


M 


311.7 


4QS 


^7 


JJ69 


1870 


aiiSB 


2.49* 


2^06 


M 


31S.7 


tf| 


033 


esa 


,307 


1,683 


1,900 


2.217 


2,.&3> 


2350 


M 


3«.a 




943 


eos 




1.603 






2.573 


2396 


M 


11 




053 


980 


iaoo 


1,633 




ll 


2.013 


2.940 


iS 


«M 


aB3 

S73 


sas 
1.010 


S 


1.6B8 
1,883 


is 


1:^ 


?S8 
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Table 21.— Discharge in sec.-/t. of CipolUIH and tuppresMd.Mi^ 
tdgtdrect. weirs, computed from Q'-j.^ JJ/^— ContitttlCd. 



Depth 








Length of w 


ir In £e 


et 
























,?"'> 


IM 


M» 


•M 


4M 






fW 


8M 


•N 


ffeet) 




















t.n 


841.7 


6S3 


.026 


1,387 


1,709 


2.060 


2392 


8,734 


3.070 


\ja 


3M3 


604 


.040 


1.387 


1.734 


2.081 


2,423 


2.776 


3,121 


1.M 




















1.M 


357a 


714 


!o7i 








2I49O 




3I2I4 


1.W 


302^ 


724 


:067 


i;449 


1311 


2:173 


21636 


21808 


3,260 


\Jt» 


3B7.1 


736 


,102 


1.470 


1837 


2.205 


2,672 


2,939 


3.307 


M 




746 


,118 




i;S63 


2.238 


2.608 


2.981 


3,364 




377A 
















3.401 


M 


3S3.1 


768 


;i49 


lisaa 


i;9!6 




2;633 


3l065 


3.448 


IJD 




777 






1,942 


21330 


2,710 


3.107 


3,406 


1.11 


898.7 


787 


1,181 


1,576 


1,960 


2,362 


2,756 


8,.«, 


3.543 


1.U 




798 


1.197 






2.304 


2.793 


3.102 




1.IS 




80» 








2,426 






31B4Q 


1.1* 


«».8 


820 


i;229 


ilaao 


2;04B 








3,688 


1.U 






1.246 


1,661 


2,078 


1:*^ 


2,906 


3,322 


3,737 


IJ* 


430.6 




1.262 


.882 


2. 03 


2 524 


2,941 


3,366 




1,17 




SB2 


i;378 


.704 


2. 30 


2:554 


2,082 


3,400 


3l835 


1.1S 








,726 


2, 58 


2,680 


8,021 


3.462 


3384 




437 J) 




ilaii 






2,622 


8.069 




3.933 


l.» 


«2£ 


886 


1,328 


:770 


2>13 


2.655 


3,098 


3l540 


3,983 


1.31 


448.1 


89« 


.344 


,793 


2,!40 


2.680 


B.137 


3,585 


4.033 


.W 




«07 


,361 


.816 


2.268 


2,722 


3.178 


3,829 


4.083 


i.as 






,378 


.837 


2.296 










.u 


4M:9 


B30 




.850 


2,324 


2:739 


31264 


31710 


41184 


i.» 






;412 




2,853 


2.823 


3,204 


3,764 


4,236 


.» 


4765 


852 


1.42S 


,906 


2,881 


2.867 


S,333 


3.800 


4,286 




481 .8 


»64 




.B27 


2,409 




8,373 


3,8Bfi 


4,337 


■ J8 










2.438 






3,900 






493 is 


B87 


i:48o 


;973 


2.468 


2:960 


31463 


3,948 




'm 




998 


1,4B7 


.996 


2.495 


2.994 


8,403 


8,903 


4,401 


i.M 


604,8 


.010 


161 


2,010 


2.634 


3,029 


8,534 


4038 


4543 




610.6 




ilea 




2,653 


3.063 


3,674 


4l085 


41695 


1.U 




!o3;t 












4.131 


4.648 


M. 




.044 




2!089 


2I6II 


3:133 


8:656 








62S;i 




i;ks4 




2:040 


8:i68 


3,697 


4>25 


4l763 


tM 


6340 


1,088 


1.60S 


3.136 


2.670 


8.204 


S.738 


4,272 


4.808 




SSflio 


1.080 


1.620 


2. 159 


2.699 


3.239 


3,779 


4,319 




.38 






1,637 






3,275 


3.820 


4.368 


4,912 


.U 






1066 








3.882 








65717 


lIllE 


!;b73 


2:231 


2:788 


3.348 


8,004 


41462 


eIoio 


Ul 


6S3.7 




i.eei 




3,818 


,382 


8,046 


4.509 


5.073 


Lit 


6M.7 




1,709 


2,270 


2,848 










\AX 


S76.7 




1,727 


2,303 


2.870 


:464 


4:030 


4I6OB 




Ut 










2,909 




4,072 


4.864 


5,236 


1.W 


687i 


i;i76 


i;763 


21361 


2,939 


lS27 


4,115 




6,200 


LM 


6g3.() 


,188 


1,782 


2.376 


3,970 


.664 


4,1B7 


4,751 


5,346 


\At 






1.8D0 








4,200 




6,400 




eoeiu 


,212 




z;426 


3;081 




4,243 


4.S4B 




■lA* 


612.3 


,225 


i:837 


2.449 


3.062 


IS 


4,288 


4,899 


6l611 


\J» 












4,330 


4.948 
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Table ai. —Diseliafge in ne.-ft. ef CipolUUi and mpprastd. Wn. 
tdgtdrttt. weirs, comfmUdfrom g-j. ji^ Uf^— Continued. 



Depth 








length of wei 


r in t«t 






cntt 
(fert) 

M 

M 

M 

1 
J 

1 

1 

1.1* 
1.77 

iii: 

!J 

1.84 

1.U 

1 

J 

IS 

lis 


a; 
i; 

881.4 
6873 

il 

Tiaie 

780.0 
733:1 

7*6;a 

7S2.8 

;at 

772.7 
778.4 

786-1 
7S3.8 
7B9.5 

ii 

S54.0 

se7s 

881.7 
88S.7 

03S.O 


if" 

ill 

1.313 

!S 

1.401 
1:437 
.440 

^i 

i,6oe 

!S 

.872 

■z 

:^ 

:afl7 

;o94 

,70fi 

ii 

.763 
.777 

.834 


at* 

;830 

i 

2:044 

2:1^ 
2:141 

2,160 

Ii 

2,339 

2.268 
2.278 

iT. 

2,338 

2:3TB 

2:439 

2.459 

Ii 

2:641 

3,««S 

2.U3 
2,603 
3,624 
2,64S 

ii 

2,771 
2.7fl3 

Ii 


2:624 

2:574 
3:«I0 

3.624 

2:700 
3,735 

2,761 ' 
2,777 

is 

2.864 
2,880 

2:B3» 

a.es5 

8.011 

ii 
lis 

3:225 

8,263 

IS 

8,386 
S.4IS 

is 

3.637 

'S 
IS 

Ii 


fs 
IS 

3,343 
3375 

3.407 

3.439 

3,471 
3:S03 

8:se3 

s,eoo 
II 

la 

3,830 

3:897 

IS 

4:031 

4,06S 
*.M9 
4:i67 
4,aM 

ii 

4,409 
4.443 

is 

4.684 

4.619 
4:am 


8:786 
3,323 

IK 

iii 

4,127 

4.242 

4.2S1 

4,330 

iii 

4,477 

4,617 

iii 

4,676 
4,716 

iii 

4.919 

iffl 

6:083 
5.131 
5J07 
6>90 
6.382 
S,4!6 

5.643 

i 


4.416 

4:548 
4,592 

4:770 

4:sjio 
4:904 

4:996 
5,040 

iS 

6,178 
6.334 

6.270 

IS 

6.460 
6.508 
8:597 

6:691 
6,739 

Ii 

6,078 

s 

6:172 

B^ 
6.319 
6.368 
6,417 

6,467 

l| 


IB 

IS 

IS 

«:708 

5:813 

6.970 
0.003 

ffl 
IS 

6.2SS 
6.342 

s 

6.777 

Ii 

7.110 
7321 

7,300 

7.447 

Ii 


II 

t'M'. 

5.S04 
6.961 
6:01! 
6.075 
6,132 

e,i9< 

11 

6.48( 

6:ss) 
!S 

8.77.5 
6.83i 

III 

■;s 

7.1B( 

7:ai; 

7,371 

7:^ 

7.663 
7.624 

7.68« 

Iffl 

s:i« 
Si 

Ii 



H 
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Talile at is not accnrate for ht^di of Imtci on the weir creat 
greater than one-third its lengtli. Where velocity of approach 
exists, before taking orft the ischarge the measured head on tlie 
weir crest in Table ai slionld W IncnMci hy 1.5 tinn h, tbt 
velocity oi approach htad computed frohn v'-<-2g where v !■ ttle 
velocity ot approadi in feet per second aid gl%g*«vity. 

The discbarges for thin edged rectangtiar irain^tlf end con- 
tractions can be obtained from l^bic ai bp KMiltipljiac the 4>^ro* 
f Hate tabtilar disdiargcB therein by'(Iv--0.2 1k)+b wtere i, ts'the 
creat length and H is the water depth on the cresi, each in feet. 

The discharges for thin edged aujipresMd nnbrnergcd vtiK 'can 
he obtained from Thble at with fatr ^ccnraky by tniiU^lyhitc 'the 
appropiikte value Of the d^ith of i*uer »a ift* weir cnst tHWetn 
by the proper valnes of the eoeflcieat n lelectied from 4he tabula- 
tion below before taking ont the flfschafgei. In t^ tabnfatUon 
D eqtials the head of wdter on tHe w*)r citest «■ tbe M^MrediS tide 
tliereof and d eqaklB the bind of water thtteOn on the dbwiAtrcam 
side tbenMf . 





Arable 22 


—HertcUl't 


co^gki*»fn 


forsa 


bmtrg^wm,* 




a 


O.0 


OM 


om 


ojn 


O.M 


■KM 


oM 


om 


**« h^ 












■^ 


7m 






ijire 








































































^ 

M 




f 


i 


1 


f 




« 






■s 


B 


i 


1 


1 


1 


1 


is 


I 






f 


*» 
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Table 23. — Discharge per foot of length mer sharp-crested vfrtical 

weirs without end contractions.' 
(Compnted Irom the formola tf=(o.4»+'5^J (l+O.M *' . jtil/S* 
(»=nbiiBrvecI hpad. In feet; p=helKlit "' waif in fm«- i=ioinrih nf «i-Ht 
feet; O'^dleehuselueeooDd-Iee ,) 





' 3 


4 


• 


8- 


19 


» 


88 


•.1 


0.13 


0.13 


13 


13 


13 


0.13 


013 


••> 




.31 


!33 


:3B 


:3B 


.33 


'.33 


*j» 


^ 


JU 


.SS 


.S8 


JIS 


f 


.68 


•A 


M 


.88 


£7 


.87 




J7 


*Jt 


1.23 


1.21 


IJil 


1.21 


1.21 


.20 


1.20 


•A 


1.S3 


1.60 


1.S8 


1.58 




.57 




t.7 




i.ee 


a 


1.98 




.87 


1*7 


•.8 


2JS0 


2.43 


2.41 


2.40 


.40 


2.40 


•4 


SMI 


iM 




3.88 


2.80 




3.86 


14 


S.53 


8.40 


8,80 


8.35 


8.84 


B.B3 


B.S3 


J 


4.10 


3.03 


3.SB 




3.86 


3.84 




.» 




4.48 




4.40 


4.38 




4:34 


.S 


b!33 


11.07 




4.00 


*M 


4:B2 


4.91 


L4 


fi.M 






5.66 


6.52 


6.49 




14 


e-do 


S.SO 


eJM 


6.18 


6. 3 


8J» 


84)7 


!.• 


7.40 


n.vr 


OM 


6.78 


e. 5 


0.09 


s.es 












7, 9 


733 


7.31 


IJ 


B.9a 


%S7 


8.18 


8.00 


8.05 


7.98 


7.90 


13 


e.74 




839 


8.70 


8. 4 


8.05 


8.0B 


M 


10.58 


e.87 


B.92 


0.51 


0,44 


9.34 


0.33 


t.t 










10.17 




10.02 


S.> 
















M 


lajio 


12:29 


11:93 


11:77 


li:fl7 


u:63 


n:48 


S-i 


14.30 




U.78 




12.46 


12.28 


IIJM 


M 


1S.18 


4.03 


18.M 


8J7 


3.25 


3.08 


3.03 


19.17 


t.B2 




4.80 


4.07 


3.SS 


3.80 










B4B 


4.M 




440 


u 


UM 


ft.T9 


IB.21 


5.91 


6.T0 


6.M 


16.48 


S4 


U4» 


7.T5 


17.13 


841 


8.63 


0.39 


8.35 


t4 


MJ8 


18.7* 


18.0S 


17.71 


17.68 


IT 18 


I.IO 


u 


91.fia 


IB.74 


19J)1 


18.04 


18.42 


1S:0G 


7.98 


M 


32.S4 










18.93 


8.83 


M 


S3.80 


2i!ss 


aolos 


20.54 


aoiss 






•^ 


S4.se 


22.89 


21.09 


ai.B8 


21.3* 


20:75 


0:03 


tj 


MJW 


23 OS 


23.01 


23 61 


22.22 


21.S9 


21.65 


tM 


27.42 


2s:oe 


24.00 


23JS3 


33.30 


Z3.S3 


22.48 


S.T 


2S.6T 


sejia 


2S.13 




34.31 




23.48 


»« 


».M 


27.38 


20 .M 


35:eo 


26.28 


24:50 




M 


S14> 


38.U 


27.33 


30.M 


2BJi7 


36.S* 




44 


SIJH 


80.74 


3S.4S 


37.74 


37.89 


20.66 


26.30 


U 


88.87 


30.90 


3BJ19 


28.M 


2S.B9 


27J18 


27.34 


44 


8B.22 


32.18 


80.78 


10.90 


29.48 


2S.69 


28.35 


44 


3fl.Ge 


33.48 


81.93 


aiJM 


30.68 


20.03 


29.38 


44 


87.m 


34.70 


83.18 


83.34 


81.70 


30.08 


30.42 



iiThla tsblc ■bonld not be naed when tlic wetr It 
overfeUlng sheet Is ftcreled on the doumMream fa 

foimiunderthFfallluaaheetthedbchBrEemay be 
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4 


T> 


* 1 * 


8 j 10 


It 


IB 




30 40 


35.9a 


34 33 


33.40 


32,83 


31.74 


3147 


i.t 


40.83 


37 -2e 


35.88 


84.58 








t.7 


ii.2% 










33.92 


33:S1 














35.04 


34.70 


*:• 


45:23 


41:32 


3e:afi 


SS:23 


37:52 






M 


46.73 




40.68 








36.B 








41.98 


40:73 


39:97 


38:46 


38.0 


f.S 


4B:Te 


46.80 


43.29 






89.61 




(.* 












40.78 


40:3 


<.i 








44.80 


43.71 


41.96 




.S 


64.H 


4B.8S 


11 


.45.93 




43.16 






5a.is 






46:31 


44.3S 


43:83 










48.62 


47.62 


46.60 


45:02 


.8 


KM 


G4.34 


6i:62 


4s.og 


48.04 


46.83 


48.22 


».• 


ei.09 
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Table M.— Amount of material in exWc yardi per 100 Kntarfitt 
■ ' cfUvd cut, 
side ^opcs 1 to 1 — Continued. 
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Table 3S.~Amounl of material in cubit yards per lOO linear Jeet 

of level cat, 

side slopes IJ^ to 1— Continued. 
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Table M.—Atimna of materiat in eubie yards ptr IdOUnearfat 

of level cat, 

side slopes 2 to 1. 
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TMMe M< — Amounl of materiat in tvbie yards P«t 100 tin*ar feet 
of level cut, 

•id e slopes 2 to 1 — Continued. 
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■Id* aJApM e t* l-»C«ntiiiiwd, 
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TsMe 88. — Anumniof inateriaHn ctMe yorijftr JOOliiuaffMt 
of cut o» doping ground, 
aid* clopsA 1 to'l.' 
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material i» oAk yards per 100 tituarje^ 
<^ tut oit doping pound, 
kJopes \ to 1 — Continued. 











SuifHCitope 


otarmudlii 


pera 


Bt 








» 


u 


m 


H 


m 


« 


i» 


4< 


M 


H 


<• 


Si 

MA 
■MA 

|i 

1384 

St.* 

3i 

31.* 

3S^ 

n.5 

|! 

«;:• 

>S4 

«.• 

3i 


2.008 

3,15j 

il? 

SABO 
8.B9S 

4.848 
4.BS4 

e.i2i 

S.S4ft 
hJ&M 

g 


2.081 

2.868 
2.««3 

2.881 

al7e2 
2:se5 

a,B70 

s.is; 

3.GM 

i:S 

3.880 

is 
j'i 

*;774 

«;47i 

MIS 
fi,70S 


2.130 
2^1 

z,ao8 

IS 

li 

l:Si 
If 

4107 -i 
4.201 

4:465 

4;861 

fS 

ejl71 

5.718 
JI.868 

8,481 

8988 

7.134 

7.8D0 


2,181 
2.27S 
2,371 

i:^ 

2,070 

sisao 

3.438 

IS 

is 
1 

4;B7f 

.BOfi 
WOS 

6.SSS 
8,008 

%s 

e^so 

8.841 

e.so3 

TllS 
7.S06 

7.478 
7,648 


3547 
2.344 

2Mb 
3JV47 

2.Me 

IS! 
IS 

?S 

S 
i'i 

s;i8o 

3,376 
B.423 

s.s7a 

8,728 
B.S70 

8.033 

II 

M77 

6343 

7;»K 


2.33( 
2163; 

If 

\^ 

\^. 
4,«» 

,735 

,877 

.02:; 

;317 

s.4«e 

si 

eiwi 

7.083 
7,268 


9^34 
2.339 

IS 

8.(60 
8/181 

8.379 
8,706 

IS? 

4.100 
4.3S> 

il 

4,S00 
4.»4< 

"i 

7,230 

7.410 
7.S91 
7.775 
7,9«a 
8,180 


8.142 
8J6j 

8.771 

II 
|:S 

4;eo> 

S,061 

il 

eji 
8,888 

lii 

7.823 

7.813 

8:985 


aj28 
ass! 

S340 
3.469 

IS 

8.87S 
4.012 

4;2ei 
4;Be6 

4,747 

ii 
ss 
si 

6.402 

8.881 
6762 

7;i3S 

7J21 

?S 

8.1Q2 

S.3M 

&,607 

is 


2.831 
8JI87 

lift 

84B1 

S,«B8 

4,014 
4,161 
4.S11 

418 18 

:s 

IS 

5;ao6 

6.730 

lit 

6,502 
6,689 

6.879 
7.071 

a' 

7,666 

7«7 
8,073 

8.282 
8.483 
8.706 

a.922 

B|3e2 

0Ji87 
9314 

i?:!S 


8,no 

il: 

«JS4 

4,608 

4.S64 

8.380 

1^ 

8,823 
6:U)0 
8.298 

i! 

I:lg 
SS 

8,487 
.723 

lI 

1!:!S 



DyGoogle 



122 HTMUULIC AND EXCAVATION TABLEB. 

Table 89.— 'JMOtml i^ materiat ^ 'aAit yaris f«r tM Untttrfett 
sf ciU m shpiwg pvind, 

aide slopes l>j to 1. 
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88. — Amount ef maUrhl in cubic yari3 per IMKti^a*ftl 
of cut »» doping pound, 

side slopes l>j to 1. — Csntinued. 
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T»ttle M.'— Amount of material in cubic yards p*r lOOUatfVf }t*^ 

of aU on doping ffound, 

■i^e slopes 2 to 1. 
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Table 4!0.~ Amount tf maurial t« nUt f*rds p*r la 
f*tt */ tut *M iltfiMg grtumd, 
■id« slopes 2 to I— CoMuiind. 
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11 

2bM7 


II 




lis 


s 

i 


7153 

i 


* 


r33 

113 

no 


)4,£«4 

islozfl 

1530S 


6.7S0 

7:623 
8.989 


20.971 

US 

22 660 
23587 


29.718 

ao.soo 

31,297 

giSI 


B7:955 
89,388 

02^481 


Si 


ii 


ii 


Jl! 

i 


1 
1 
1 


S!5 




ass 


S3,S31 

is 


88,782 
S4,fiB0 


84,02 
aT!22 


-SI 


14,287 

1!S 


\% 


767 


1! 


.1 


li 


11 


2B3E2 

I5S 


38,047 


;is 
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Table H.—rhree-habies powers t4 «•""*«■*, 

O.Mn to 1.408, 



Numbn 


.•M 


.•M 


4« 


4« 


4tt 


jmt. 


M^ 


.••I 


.M8 


.M* 


:S 

i 

.14 

1 

J* 

t 
1 


s 

,0052 

Jtao 
.01 la 

s 

.«. 

.(ffi6S 

.im 
.isso 

ill 

.1GS3 

.1U3 

.1728 

:ii 

H 

. B2S 

« 

.M30 


.006S 

.ona 

i 

iMSl 

MOl 

.IZES 

.1334 

is 

Jffil 

iiBia 

i 

si 


n058 

jDos*- 

B118 

i 

s 

jOTTJ 
DStl 

:li 

.1837 

.2US 

.2fM4 


.ooss 

.0132 
.0158 

f 

!ol80 

s 

■ill 

.l»3ft 

III 
Si 


.WM 
.0017 

J)03S 
.0068 

JWBB 

.OlM 
.0188 
.0201 

.03S& 

SI 
is 

J)0Z] 

.0980 

ii 

isoie 

.2287 
.2880 
J*74 

.SMS 

J»91 

Si 


JOWL 

ffiS 

S 

ii 

;«02 

■S 

.2037 

.Z308 
J24S3 

:2771 

li 


.0008 
;0060 
.0183 

i 

.034S 

i 

S 

SI 

IE 

:!^ 

.MEO 

:!Si 

.1862 
JUOB 

is 

ss 


.0007 

joiaa 

S 

»! 
;ii 

iii 

ii 
i! 

Ii 

.2088 
.3060 


.0024 

s 

.0140 

i 

.03SS 

i 

Isi 

i!S 

ii 
ip 

.2611 
.2606 

II 

.2680 


s 

!«I81 

J) 11 

jjseo 

J0518 

J0634 

*822 
.0S87 

.I02S 
illBB 

iS 

iiS 

:i802 

ill 

n 

J521 

Ji712 

:331S 
:3B26 



HTDBAUUC AND EXCAVATION TABLES. 

TaUe H.—Thrtckahtt poitert of nitmitrt, 

B.OM to 1.4M.~CaiiMiiu«d. 



M«BkeI< 


^1- 


MM 


■im» 


M 


jm 


JtH 


Jm 


Jtm 


Mt 


•M 


MM .3Ht 


M5T 


MM 


.1578 


Asm 


.asm 


jteio 


JKtl 


^8831 


^1 


JtMa ' M5t 


J80t 


MT4 


.3868 


MM 






xta 


,2739 


S 


i^,1^ 


.377S 


.srs3 


.37»3 


.3804 


.8815 




.1838 


.8847 




.ssei 


.SODS 


.3818 


.3804 








.u 


J«« LW7» 


.Sim 


AOOl 


,4011 


.4oa« 


Mas 


MMt 


.4057 


.4888 


M 


.(079 ' .4090 


.4101 


.4118 


,41S4 


.4185 


.(Id 


.4157 


^189 


rflSO 


M 




.4111 




.4X18 


.4247 






.4311 


.4893 


JT 


^»03 1 -431* 


.4328 


:*337 


.4340 


.1360 


!437 


:43es 


.4394 


,4406 


.M 


MIT .4138 


.4440 




,1463 






.4493 




.4530 




.«S33 .4SM 


.4»5» 




.4578 


!45W 


'.m) 


.4613 


.4818 


.4838 


.M 


.4t4S 


^480 


.4«n 


.4683 


.489* 


Am 


.4nB 


.47» 


.4741 


.4762 


.•t 


.4704 




.4788 


.(TOO 




.1828 


.4835 


.4847 


.4853 


;4870 


M 


.4S81 




,4»0S 


.4917 


:49a9 


.4041 




.4065 


.4978 


,4*88 


M 


,6I»0 


.MIS 


.M24 


.5038 


.3048 


.soeo 


J1073 


.S0B4 


.8088 


.5108 


M 


.MM 


.£131 




.5150 


.5168 






JSM 


.5318 


.tns 


Ml 


.6*40 


Xt^ 


.6384 


.6177 


.5380 


.5301 


.1318 


.tses 


,5318 


.6850 


.M 


^iss 


.U74 




.5398 


.5411 


.5438 


.5435 


J447 


.5480 




.n 




.£498 


'.MOi 




.5533 


.5548 










M 


ismr 


.5*30 


.£831 


:tM4 


.5857 


,5670 


:56SB 


MM 


.5720 


.» 


J>T39 


£tU 








.S7M 


JMD7 


£tiaO 




.£«44 


.« 


,58sr 


.S870 


.sssi 


.5895 


.SBD7 


.5SG0 


.Bsaa 


.5045 


JB53 


,9970 


.11 


.is»a3 


.6*98 


.sow 


.8021 




.8046 


.6060 


«l71 


.8014 


.8896 


1 




.sm 










.8165 


.8199 


.6311 


.8124 


isjar 


.8*50 


Mga 




:9380 


ieaoB 




.«W7 


.8340 






.Mas 


.837* 


.8393 


.8406 




.64S0 


JM4S 


.MM 


.0489 


.8482 


■11 


.«4B« 


.8*08 


.8531 


.6534 


.5547 


.6SB0 


.8574 


.•EB7 


.8800 


JB813 


.It 


.M2B 


.04M 






.8878 




.9705 


.8718 


.8711 


.8744 


.11 




.8770 








!«g23 






.8863 


.6878 


.18 


!sgs* 


«aoi 


:e9i6 




iKMB 






.89BS 


.0085 


.7009 


.71 


.7021 


.7034 


.7040 


.7063 


.7078 


;ioe8 


.7103 


.7114 


.7118 


.7143 


M 


.TlGG 


.rtss 


.71S2 


.7106 


.7300 




.7338 


.7250 


.7383 


,7178 


M 


.7190 


.rso4 


.7317 


.7330 


.7344 












^* 


.742S 


.7439 


.7452 


.7488 


.7480 




:r307 


>sai 




;7548 


^1 




.7*78 




,7800 


,7817 




.78*4 


.7655 




.7885 


.8( 


:?«» 


.7713 


>7a7 


.7740 


.7764 


. 788 




.7798 


.7808 


.7123 


.Sf 


.7*37 




.78S5 


.787« 


.7S93 


,7908 


,7BE0 


.7034 


.7017 


.7961 


.B> 






.S003 


.8017 


.803 


.3048 


.80GB 


J073 






^» 


isiis 




.8143 


.8157 


*17 


*1S8 


,8100 


*213 


^327 


.8141 


Ai 


.Bias 






*i97 




.8328 


.8340 


.8364 


.8388 


.8182 


M 


.sioa 


;»410 


MM 


M3» 


Jft4G3 


JM67 


«4B1 


.8495 


Mia 


Je24 


M 


.SS3S 


MSt 


xstn 


MSI 


.K59S 


,8610 


-.8624 


.8838 


mat 


.8867 


.11 






.sno 








,8767 








M 


:8S24 


'si3B 


.8*53 


Isaaa 


:88S« 


isaea 




laeeo 


.8040 


!sB64 


M 


.else 


.8984 


.BOM 


.6013 


.0027 


.0043 


.60*8 


.9070 


.ooes 


.9100 


.H 




.eias 


.014* 


.615S 


.6173 


,9186 


.UDl 


.8318 


Jt280 


.«44 




.use 


.6174 


.Mas 


.Mas 


,6117 


.9333 


.0347 




.8377 


.(•01 




3 


.0421 


.0135 


.MSO 


.64B« 


.0480 


.0494 




.<UiG4 


.<S38 




.Mas 


.9533 


.0538 


.6813 


.S62S 


.9643 




.6671 










.6739 


.e74(( 




.9778 




i9806 


.S8£0 




.M 


:m» 


issos 


.M80 


MOB 


Mie 


M3i 


*»4n 


M5S 


MKO 


Mfib 
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Table H.-^-TTtree-kaloes pmeers of numbers. 









0.M 


» to i.«t.-C<mtiiiiwd. 








■te 


Mt 


^■n 


MB 


Mt 


.4H 


M$ 


M$ 


4t) 


MS 


••w 


1 

M 

Ml 

!S 

IM 

u 

i 
1:1 

a 
1 

i 

ta 

ilil 


IJMOO 
lAlM 

ixtsoa 
JffOf 
iisac 

.1637 

.low 

1 
1 

13145 

i:M75 
1.3641 

.8678 

iH 

t.stse 
S 

LflMl 


i-illi 

1.2021 
UISS 

1.33if 

1.3902 

1 1*339 

iS! 
1:ISH 
!S 

S 

1.0230 

IMOO 
1.65S3 

!:ffi 

1>Z98 
1.7478 
j:7841 
i£2M 


J>382 

IS 

IS 

.EBBl 
J0I4 

lissoi 

1.3S74 
1.3841 

1.40W 

ii 

.tSM 

.5038 

S 

.5547 

i 

4423 
1.877a 

i.Tiafl 

1.73IB 
1.74H 
1.785 
1.8223 


s 
ii 
as 
is 

.4874 

.eoes 

.8204 
.0441 

1.B70* 

1:7334 
1.7614 

i.7ee« 

1.7878 
1.8243 


i 

s 

.3721 

is 
sa 

lis 

1.4730 
1.4801 

i.foea 
liwi 

iS 
i.S 

1.8636 
1.6SM 

.7533 

;78e« 


1.1618 

is 

?'• 
is 

is 
if 

.4737 

l!63O0 
lil476 

i:6832 

1:7370 

1.7550 

i:7B14 
l.SOBO 


iiiis 

ijfls: 
ijtia 

1.2268 

iiS 

.8344 

SI 

1:424 ( 
1:4751 

.4SS1 

:536i 

:56i( 

1.5T0 
l:64M 

!S 

i:738S 
1,7560 
1:7933 


:ii 

.1084 

a 

.3001 

1 

iB2i 

1.4003 
1.426! 

1:4771 
1.404! 

i:628f 

,6808 
,6^2 

i 

.7406 

1,7687 
1,7768 
1,7050 

ISil 


Si 

i:iS 
a 

.2041 
,3113 

1.837T 

iH 

l,304i 

ill 

1,4618 

IT 

:630 
JM7 

E 

:e53a 

i 

i 


li)898 
1.1052 

i:i364 

;S 

. 000 

SS! 

:2640 

.3ia» 

,33»i 
:3a24 

:44M 

:480» 
.4977 

:54!l|-. 

s 

,6547 

lis 

1,7282 
1.7442 

1,7823 

1:7087* 
1,836^ 



H\T)RAULIC AND EXCAVATION TABLES. 

Table 42.—Tkree-habts powers if nunAers, 

IJM to 19.99. 



NHm- 
ber 


.w 


.•1 


M 


M 


M 


M 


M 


47 


.« 


jm 


1.C 

a 
a 
s 
u 
s 

H 

a 

1.1 

i; 

44 

1.1 

(.» 
«.< 

a 

ij 

•.1 

U 

<.• 

II 


1.83B 
S.IK 

iS 

B.19« 

i 

7:406 

IS 

»:230 
»:8B8 

11.18 

II 

2.M 

II 


1.856 

IS 

S.850 
3.06 

IS 

4.461 

4.711 

0322 
B.484 
6.751 
e.02: 

ss 

7:43 

7.782 

IS 

s!e48 

B.578 

,S" 

lois 

11.S1 

II 

12.93 

11 


2.at» 

2.S71 

s 

IS? 

B348 

6!77i 

8S 

8,a04 

IS 

a. 666 

!S 
If 

loiei 

156 

11 

2^ 

12.B7 

if 


S6i 
.081 
.271 

Ml 

2.803 
3,10 

IE 

4,024 
4:76 
6374 

Is 

SS 

7,204 

li 

6.642 
9,903 
1039 

lOM 

IISS 

UM 

3.00 

4:08 


1.911 
Z36I 

ajos 
2.en 

li 

i 

4.7ft 

S.B00 

g!832 
8.104 

s.aso 

6,6ao 
6.e4< 

7:fla 

li 

6:366 

e:e96 

10.32 

10:68 
11.31 

11:09 

i2:efi 

IS 

3.75 
4:B4 


l.S3( 

2.733 
2.B3J 

si 

4.07: 

H.B21 

sl 

8.68; 

a.iso 

i 

1.01 

1.3S 

i-i 

2:7a 

3.07 

13 

4,88 


m 

3.744 
2.9B7 

li 

3.868 

4.066 
4.338 

11 

6.363 

6.886 
8.169 
8.436 

8.717 

IS 

1£S0 

8.181 

e:4i9 

If 
ii:o6 

11.38 

lis 

ia;7a 

1 


i,9«; 
2:36! 

2,867 
2.766 

i 

6,37! 

11 

a 

7:91 

l|! 

9:461 

6,770 
i0:42 

ij:o8 

12:10 

3.16 
3.60 

li 

4.66 


1,9S( 
2:571 

IS! 

li 
is 

6,401 
6:«91 

',3c 

7.34 

S2 

8.854 
6:482 
6.B03 
10:45 

11.45 

12:13 
12:88 

13.18 

1436 
14:69 


SJMS 

II 

3.022 

3,46G 

IS 

4.168 
4:913 

Is 

e:242 

6,620 

?ii 
ss 

e:5i4 
0.1a 

0.48 
1.15 
1,48 

2^6 

332 

3:93 
4,29 

5:03 
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Tlkbl« a.—Tkree-lioives powers of numbers. 
1.80 tu 19.09— Continued. 



NiHiber .01 ^1 



1&4 



2S.B7 



.,gniod.,GoOglc 



HyORAULIC AND EXCAVATION TABLES. 

Table 4S.—rkree-kakies powers of Mumi*n. 

I.W to 19.99— Continued. 



Number 


^ 


.„ 


Mi 


.93 


.« 


.M 1 .M 


.01 


.08 


M 


M.I 


3S.00 


3S05 


3S10 


gjjj 


g~ 


3526 


35 30 


sstT 


35.39 


39.41 


».8 


3S.49 


35:54 


36:59 






35:74 


35:79 






36.04 


U-t 




3fl.04 


8s.oe 


36.14 


36,18 




26.28 




3f;:,18 










38.58 












38,88 


11 


uii 


aeies 


sr'xa 


87.0* 


87:i3 


37:i8 


87i3 


S7Ji8 


37^3 


27M 


n.t 




3T.6S 


37.58 


37.8S 


37.68 




37.78 


87.S3 


S7,SB 




ii.» 


stIm 


3S.04 




38.11 




3854 


38,29 


38.34 


38,89 




U.4. 




33.51 


38:59 


38.61 


38:89 




38 80 


38.86 


88.90 












39.15 


a 




i!^ 


39.86 






lii» 


sbIsi 


39:5a 


39:61 


39.66 


38.76 


89.S7 


8b:bs 


»i:97 


11.1 


40J)3 


40J)7 


to.is 


40.1T 


40.28 


10.2s 


403S 


40.8S 


40.43 


fiS 


U.8 


40.53 










40.79 


10.84 


40.09 


40.96 


U.> 


41.06 


11:10 


4i:i6 


401 


41:28 


41.31 


41 J6 


41,41 


41.47 


4ija 


12.0 




61.88 










41.88 




41.99 


SSi 


M.1 


42.09 


42.U 


4i:i9 


42:25 


42io 


4235 


42.40 


42A4> 


42.61 


I3US 


42.61 


43.6fl 


42.72 


42.77 


42JS 


135T 




4S,M 


48.0* 


J3.6I 


1X.1 


13.14 








43.35 


4i.40 


4S:45 


43,51 




12.4 




43:72 


13.77 


43.82 


43.88 


43.93 






11:09 


41.14 


1>.I 
















41:56 


as 


44.67 


«.» 


41:73 


11.78 


i4:s« 


44:S9 


41.94 


4i:88 


16J)5 


45.10 


15J!l 


U.1 


40.26 


4S.31 


4S.ST 


4B.42 


48.47 


4S.58 


43.68 


46.68 


ss 


41.71 


W.8 


45,TB 




45.90 


45.86 






48. 2 




46JJ8 


1Z.> 


4e.3S 


48.39 


48.44 


46.49 


48:56 


48i0 


48. fl 


46:71 


49.76 


46.82 


U.0 






46.68 


17.03 






4t.20 








a».i 


47:41 


«:47 


47Ji8 


47.68 


47:68 


47:69 


47. 1 


47:79 


47.85 


17.90 


i*.t 




48.01 


48.07 


48.12 


48.18 


4S.2B 


4S.2S 


48.S4 




48.46 




48:50 












48.63 


48.80 


48.94 49.00 


u.* 


49.05 








49:27 


4B:33 


19.38 


48,14 


49.19 3.55 


U.B 




19.6B 


49.71 


49.77 


SS3 










60.10 


U.S 


so:i6 




AOJie 


6OJI9 


60.48 


«.48 


B0:6t 


eo:6» 


em 


11.J 


B0.7I 


50.78 


60« 


SOfT 


50.98 


EQ.W 


61.04 


BMO 


61.15 


SI .31 


U.8 


51 .28 






Si'^ 








£1,66 






M 


61,82 


5i:s* 






58.10 


63:ie 


53.21 






K 


SS:SJ 


SS 


IliS 


slil 


mi 


lit 


Si! 


sz 


US 


M.t 


53-Bl 


M.5T 


63.es 


58.68 


S).T4 


ea.n 


gS 




4S.es 


S4.0S 


U.S 








M.26 


54.80 


M^ 


M.63 


U.69 


U.4 








64.81 


64.87 


64,98 






1L» 


55:76 


6B.S4 


£liS 


S 


SS 


iis 


US 


S3 


si 


Si 


4. 


M.8ft- 


M42 


66.1s 


E6J9 


M 


6fl.« 


6«.T1 


e«.rs 


s% 


^ 


1. 


6a.M 


6e:B» 


57.0s 


67.11 


sa 


ss 


ii 


L 




67.57 


57.63 


67.69 


67.7} 


67.88 










^8li 


US 


68.33 


5S.3| 


as 


ta.M 






m:6s 


S8:T3 


58.9! 


^.8? 




68.14 


50:20 


. If. 


59.38 


M^» 


eg.?* 


69.41 


59.19 


«S.Ba 


68,61 


69,67 


6»it3 


66.70 
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Table ^t— Three-hakes powers of numbers, 
IJM lo 19.99— Continued. 



Namber 


M 


M. 


.M 


.OS 


.M j .03 


.M 


... 


.«3 

IS 

63.28 

04:43 
66.08 

08 J» 

08:12 

02.36 
80.07 

Jii 

74.97 
75.80 

77:52 
78.16 

78.80 

80:74 

83.04 

84:00 
81.06 

SIf 

88.64 

«7:e 


.» 


U.4 

af 

U.9 

1 

i 

M 

M.7 

»:; 

. 'tS-S 

M 

. IM 

b| 


ill 

09 JO 

as 

66.30 

BE.B1 

87:63 

SIS 

71.96 

;s 

77 J« 

78.28 

i;i 

80.87 

1.61 

2'.83 
3A7 
61.1* 

M.T9 

II 

BS.IO 

88.77 


i 

03.40 

60.87 

67:69 

8SS 

72.02 

76.16 

77:07 
77.71 

78.38 
78.99 
79.64 
80-28 

IS 

IS 

aa.18 

Is 

88:S4 


EO.ee 
eo.66 

as 

SS.9S 

II 

66.98 
67:76 

70.22 

?!l 

76.23 

Te:49 

78J1 
80:36 

81.93 

i 

88.24 
88.91 


00.03 

is 

63.39 

62.98 

64:78 
6B.99 
67:S2 

S82 

if 

73.14 

73.77 

S:| 
?S 

77:20 
78.48 
80:4I 

II 

83:67 
84.98 

IS 
is 


60.08 

II 

OSJM 

04.24 
64.84 

68J)5 

67.88 

Si 

lil 

74:09 

77J!6 
78.64 

II 
11 

83:74 

e«.o6 

1 


00.14 

01:91 
03.10 

64:90 
66.11 
87.94 

Sil 

71.04 

il 

74:1s 

76.41 

II 

78.61 
B0:64 

lis 

83:80 
85.12 

II 


si 

6I.9T 

64:96 
60.17 
68JM 

K 

7im 

72.33 

72.90 

74.21 
76.48 

II 

78.67 

79:96 
80.6! 

81.01 

83:87 

85.18 

S6.fi I 
87.17 

Bfi:i7 


02:03 

II 

66:02 

IS 
ss 
lil 
III 

74:28 

lis 

77.45 

78.09 

II 

80:67 

81.97 

83:03 
84.59 
8B.2H 

87:24 
S7.00 


60.SS 
60.Bf. 

SK 

63.7-1 
63.3* 

II 

11 

60.41 
71:27 

its 

as 

76.04 
75.67 

II 

Ss 

eo:so 

|ji 

84:o« 

86.71 
87.37 

St:?! 

89.38 
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HVDKAUUC AND EXCAVATION TABLES. 



Table 4A.—SfHares, cubes, square roots, cube roots, reeipnctUt, 
and area andcircumjeretice of circles 4^ radius N. 



N 


N' 


N» 


n4 


nI 


1 


tN' 


2vN 


-_._ 


^ 


1 


.0009 


.0000 


1.000006 


sa« 


6JSt 


« 




s 




3m 


.6000 










27 


^ 




jsassi 


23!274 


18860 


4 


16 






'^t 


.260000 


60.265 


25.188 




26 


125 


.2361 


.7100 




78.540 




■ S 


86 


as 


a.449S 


,8171 


.106667 


113.097 


87.699 


1 


49 


S4B 


2.6*08 


.9119 




163.988 




8 




512 


2.SJSi 




!l2500O 




60:265 






729 






.mm 


264^69 


66J49 


10 


100 




a^isa 


!l644 




8U.U9 


62.832 






1.3^ 


3.8166 




.090809 












B.4641 


1.2894 


.083833 




76:398 


13 


169 


2119; 


8.6 66 


IS 






81.681 




196 


2.744 


fl.7417 


:07I429 


615!762 








8^6 


8.8780 


2.4662 


.066667 


706.8(8 


91.248 


1ft 


266 


4,096 


4,0000 


2.5196 


omsoo 


SO(.»S 


100 681 


17 


, 289 


4.B1S 


4.12:(1 




!058824 






18 




5,831 


4.2426 


2:mot 


.066666 


1.017!876 


1^.097 


10 




6.B5B 


4.86R9 




jKoaxi 


i:i31.il6 


W-.881 






B,0OO 


4.4721 


2:71*4 






1^664 


SI 




9.261 


4.5826 


2.7689 


.047019 




31 .M7 


sa 


184 


10,6« 


4.6901 


a.sa» 


.Oii456 


i;5U0'.6Sl 


138.230 




ma 




4,7968 


a.M39 






44.613 


ii4 




13;B24 


4.8960 


2.8845 


i0416e7 




50.796 


20 


E6 


15,626 




3.9140 




i;96S,4B6 


1S7J)B0 




676 


17.576 


5.MCK) 


1.9696 


J)3S4n2 


2,123.717 


63.868 








a.i9ea 




.037037 


2,290.221 


69.616 


as 












2:4fl3 00B 


"6.929 


s» 


841 




a!s8&2 


8.0723 








so 


BOO 


K,000 


5.4772 


3.1072 




2:827.433 


188.496 


31 


981 


29,791 


56678 


31414 


.082258 


S.019.071 


191.779 




.024 


S2,76S 


6:6569 


8:i748 




3,216 991 


201062 




JJ69 


86.987 


5.7146 


3.2075 






207.S16 


3« 


.166 


39,804 


8.«S10 


8.2396 


:02i412 


a:e3i:681 


21B.62S 




um 


42,876 




8;27U 




8.S1S451 


2I9.9U 


36 




IS'SK 


6.0000 


IS 


josrm 


40^504 


228^95 


31 


.369 


sS'sn 






4>»:810 


a3'A478 


33 


.414 




61644 


38620 




4.686*0 


238.761 


3V 


.Ml 


69:»1» 


6.2450 


33912 


'.fBSaa 


4.778 363 


245.044 


40 


.800 


«.a» 


6,3246 






6.026.518 


261.827 




1.681 


68.921 




»Ava 




9.2S1017 






1.761 


71.088 


6148 >7 


B.47M 




6,iM1.770 


2S»A94 


43 


ilsu 


79.6m 


6.5574 






6 B0S.8 5 


27ftJ77 


44 


1.9S6 


es-iM 


6,6332 






6:062128 


276^60 


4S 


2.086 


91,135 






'nm» 


6J61.725 


282.748 


46 


2.114 


97,8M 


6.7023 


B.6Bao 


.021739 


fl.6t7.610 


289/B7 


47 


2509 


03,823 








6.9B M78 


295.310 


4S 


23>t 


10.U2 




3,6341 




7,231.280 


801.693 




2.4.a 


17.619 


7,0000 


36593 


!02O408 




807.376 


__»_ 


-J-figL, 


125.0M 


7.0711 


S.684Q 


oaooao 


7:853 982 


snaco 



HYDBAULIO AND EXCAVATION TABLES. 



VftMe 4S.—Sfu'res, eaits, if mare roots, cube roots, reciprocals, 
and area attd circumference of eireles of radius N. — Continued, 



N 


u* 


N- 


N» 


K* 


1 


tN' 


2»N 


Bl 


2.nfl 

8,02S 


s 


7,4m 


B.TOU 

IS 


s 


8,171.285 
a.4M.gGT 

^^■^ 
sisOS.SlB 


820.442 
826.726 


S 


i 


17S.ei9 

Hi 

IW.O0O 


7.18M 

i 


S.a!9« 

i.sira 

s 


.017SS7 


9.M2.085 

id,S6s!bis 

10.935 8M 


sei.sH 

«S8.142 
884.426 

878:991 


ei 

64 
SB 


S.T!n 

IS 




7.8T«1 


B.9ST* 

iS 


.mesas 

'.015B73 

:SS 


li.eas.wie 

12,078.282 

i2.4iia.!iai 

18>?!:229 


388-274 

8(6.841 

402.124 
4iM.407 


m 

i 


i 

i.vaa 


11 

8tS.naD 


11 


il 


11 


18,684.778 
14,102.810 
14,526.725 
14,067.123 
1^393.804 


414.fi90 

420.9TB 
427567 


s 
a 


B.(H1 


867.«1 
S73.218 

11 


.49n 
.r«a 

.6S0t 


4.U09 

1 


.O140M 
.01.,S89 
J)13699 


16.888.769 
18,2fa.017 

17,671 .469 


4M:B89 

4aL96a 

471,239 




B.7TB 

s 


SS 




il 


.0131M 
.012987 

.O12S00 


8,145,819 
20.106.193 


is 


ss 


7,M 


fiai,44i 


1 


il 


II 


20,611.990 

2i;6t2:C2 
22|608!OD7 


621AM 


i 


7JW 

7,Sf» 

9 


7m:w» 

72S.M0 


9.S806 


4.4140 
4.4MT 


.011628 
:0112S6 


2^,285.220 

24!eM55B 


if 


•t 

1 


i 


8H.15T 

SIS 


•.7«8 


iffl 

45307 

4Mes 

4.fi8» 


.•SS 

.01075S 


IS 

SSJ52.874 


in.n 

69D.610 

696,«a> 


M 


lO/WO 


Vti,TX 

Kg 

970.29B 


9.79N) 
9.S«9 

lo.coro 


4.5781 


jjuaoB 

.010204 


38,952.918 
29.659.246 
BOJTLeS* 
BO,790,7SO 
81.416 927 


6CR.I8e 

il 

628ai» 



HYDKADUC AUD EXCAVATIOS TABLEa. 



TftUe 4S. — SfUat-es, cubes, squafe roots, cube roots and recip- 
rocals. — &iiili titled. 



N 


N» 


N' 


"' 


Nt 


1 


IM 
100 


10,201 

ia3u 

U/U9 


.UB.fi26 


S:ffiS 


4.673128} 

IS 


XW11S8S5 

MWSSBIO 


109 
110 


1 


1.229,043 
1J58.7I2 

i!s8i!aoo 


io!Maeo6s 

10.«SOB8S 


4.TeSS(82 
4.776«6aS 
4.71.U199 




1 


12,7SR 


1,«)4.S2S 

iii 


lis 


4.goe89SS 


JNB84S6&» 


11« 

i 




as 

i.e43,(»2 
i,raJ»o 




4.s7msa 
4.sgouTXi 


lOMDSSSI 


1 


is 


i,Tn,s«i 
i.sia^iB 

J.1BB.128 


11.0000000 

il.OtBKlO 

llilB5^ 
U,liOffl» 


4.MGnT4 

IS 

bloODOODO 


g 


i» 


as 

le^tM 

ass 




Is 


ig 


g 


i 


n.i<ii 

l^MS 


^ 


jnsgGoo 


s 


^ 


140 


11 


a.)«.ooD 


iiisanm 


B 


s 


1« 
143 


as 


11 




&25SU79 


^ 


i 




ii 

S.30;,9» 

8,8JS,000 


IS 


_Mlg2«» 


Qa«84B3lfi 

.oo«»ani 

A0«Tn£7S7 

3SS_ 



HIOKAULIO AND EXCAVATION TABLES. 



Table 4S>rSguares, cubes, iguare roots, cube roots, and retip- 
mcaZi— Continued. 



■.'N..' 


; N» 


N» 


N* 


Ni 


1 

N 


03 

54 


IS 


iii 

as; 


12:4098786 
12-11981196 


6:8716861 




IM 
1B9 


21.964 


ill 

*;o9o;(Mo . 


12.5299641 
12 68S8U51 
; 12.6096207 
'^12.6491106 


6.BSB2126 
5:4178016 


J)062SOOOO 


M 


26,821 


4!26lis28 
4.B0.747 
4.410.9« 
4.492,125 


12.6B8577S 

127671168 
12.8062185 


5.1625556 1 
6.47B7IS? ' 
6.1848066 


jjosiiiiso 

.006097661 
,6060600)6 


166 
IBS 


ii 

28,U1 
28,900 




12.8840987 
12!9614B14 
iaA)3S4M8 


5.6178,84 
S:5S»G583 


:oo&9iTieo 

JXI6882B&I 


S5 

178 


2tUUl 

29 JH 

S 

80.«» 


is 

5.268.021 
6.869,876 


isl 1118770 
lS.162Ma4 

13:2287666 


6.6604991 

!SS 

6.5827702 
6.6»4il7 


s 


180 


ii 


6.461,776 


18.2664992 

ts:3790882 
18.4164079 


6.6040787 
6.6462162 


.106681818 


US 


Ii 


SSS5 

6.SBI.G26 


IS 




.0051M606 

.005464481 


i 

190 


SUM 
S4,1M 


^ 


IsiTSHMSS 


IS 

6.7S879K 
5.7488^ 


XI06876S41 
.0053«76B> 

.'ooftsaija 


Wl 
1*9 

i 


as 
Is 


lis 

7.411,876 


8.8202750 
1S8561D66 

18.9642100 


6:7789966 
5.7889604 


s 


iS 

108 
IM 


Ii 

S9.no 


7.7eZ,S9Z 
7.8SD.6S9 

_8,goo,ooo 


1.0000000 

1. 08.16688 

4.'l42iaS6 


6.8087R67 





ElYDBAULIC AHD EXCAVATION U 



Ta1>le 43t-~Stuam, atba, iguare roots, cube roots, and rtc^ 
rtKoZi.— Continaed. 



N 


N' 


N' 


N* 


N> 


1 

TT 


sot 

i 


IS 


P 


lJT74tG9 

iiBiTaoi 


e.ssrreeo 


XOtBTSMS 


tOK 

soa 
sio 


lUDO 


!^if 


ICSKTOat 

Is 


s.eafiMDii 

B.9I51817 




ail 

fa 


Slw 


ii 




Is 


M. 


IB 

SIS 


i 

18,11)0 


lOMBlooa 


11 


fl.DQOOOOa 

Is 

e.cmsu7 


,<»406621O 
J»4H61» 


Ml 

an 

SM 

I9W 




"ill 




S 


SSS! 

JXMMllll 


s 




12.187/XO 


is.cmeess 

ilSffl 


«.rau«u 


.OOMMTTV 


83A 


i 

ff,3Bb 


13,826.891 

IS 

12,977.875 


16.1886842 


IS 

61710068 


J»C66i)l» 


1 


se.169 

is 


Si 


S 


e.2iiuea 


g 


S41 
MB 
343 

MA 


BOfla 


3.fl97JCl 
1.7084» 


ifi 


IS 




MS 


i 


1G,ZS2.992 


1^ 


is 


looiDoaooa 



HTDEATJLIC AND EXCAVATIOK TABLBIS. 



£abl« iS—Sfitargs, eubis, square roots, cube rools, itnd trcip- 
rocah. — Conttaaeil. 



5B,M1 

741629 



86.264 

S6,R« 
a6,43« 
S7.02S 

S7.StG 
83,300 



lfl.003.008 
IB,1M577 
16.S8T.0A4 
16,6B1.S7S 



;8.8!n,09e 
ui,a34.ia3 

16,248.833 
19.465,109 
19,683,000 



£6.884.834 
9S.t«,DT3 
9S.46S.G99 



18.0984789 
18.1245185 



IB 2172747 

"2480768 

.2788206 

.8098081 

.STQTOSG 
.4012 TK 
.431^767 

1S.4R2077« 
i6.4K42-i6 
lfi.629711« 
W.66294M 
16.58^1240 

le^MSSITe 



e.84iaan 

e.^B60C2 
8.3743111 



8.439OTP 
8.4473057 



8.SlB91ie 
8.5576722 
8:5664)4) 



B.86444S7 
8.«71M[t3 
6.079 1200 

B.essfsh 

6.69IBZ96 



HYDBAULIO Un> BXO&TATION TABLES. 



S.TDlTm 

e.TMim 
a.7iiiBm> 



HS.Ki 

UMDO 

UMjm 



120.MB 

m,io4 

121.Hlt 



T.OKMW 

T.amtM 
T.oucent 



UVDBAULIC AND BZCAVATION TABLB8. 



eiies, square roots, cube roots, and t 
meats. — Continncd. 



N 


N« 


N* 


Kl 


N* 


1 


SSI 


m.aoi 


«3,614,3u8 

SSS-ffi 

41TSM7e 


B.7»M« 

n.T8S2H2 
SJ14''S77 
18.841MSI 


7.0M)On 

Twoeuer 
isxnsnn 


.OCOMMn 

.(MZ8a4SB9 


S07 

sen 

360 


M8,m 

127.M9 


45,4W|2IB 


iB-Bweeao 


7.10T18S7 
7.U878SS 


.002808989 


36S 


1S1.7W 


47/M6,SSl 

SffiS 

*8.«7.12ft 


19^0203976 

!SSS 

IBJMHTK 


7.1208874 
7.1:»U8eO 


.ounusa 

JXr27*T26S 

jxtm/ene 


i 

870 




lS,02T,ffi« 
«l,«».869 


le.igscKi 

IS^XBttSU 


7.ueog&7 

7J7WB4* 


.002732240 
/»m»796 


1 


187.M1 

lt8,3H 

s 




19.£SIB«» 

IBAlSaOTB 

iBjeMie? 


TilMOM 


.oo2wa;2 

.00289^6 
:0CI2HW67 






Gs.ie7.STg 
6W3MCI0 


is 


7.2178622 

7'.2a04'jes 


.002889574 

.0OZG&2l^ 

Mussmo 


381 

ass 


1 




5 

u.«ii4ieg 


7'»B8416 

7.2684824 
7j(7478M 


.002824872 
.002817801 

j)ii2eioafle 
!oo2)U7«e 


3ST 
388 


14B.SSS 
VASBX 


6T.SU.4U 

»,gas.(w 

6S,SUAI0 


9.ST231M 


7.2SIOT9I 




3»1 
8M 




"'Ml 


B.778T1BB 
g.T9S:MB 


7JB72S89 


:0026ftl02O 
.0U2M4U» 

.0U26!1M8 


S81 

E 


U7.a» 




!n.ooooooo 


7i»800BO 


DostOGses 



HYDRAUUC AND EXCAVATION TABLES. 



Table Ui.~~Squares, • 



N 


N' 


H» 


Ni 


N> 


l" 


Wl 


180.801 


M.4BtSai 


20.0249844 


73741OT9 


302498766 




181.fl« 


64,904.806 


20.0498877 


73808227 


302487.^ 


MS 


va.M> 


65.4M3B7 


2O.0T4gI»9 


73864878 


JXS4SlS9a 


4M 


lflS,216 


06,989,264 


20.0997612 


73936418 




MB 




S6,4ao,»S 


20.1346118 


73986868 


302469136 




iM,ass 


86,928.418 




7.4047206 


3Q2«»rj^ 


40T 


1SII.M9 


67,419,148 








M8 


mw 


87B1?3111 




7:4t6B696 




409 


187 J81 


68.417,929 


20!22B74M 


7.4229142 


.0>i444«« 


«io 




68,921,000 


20.2481&67 






All 


M8.SM 


69.Ca.881 


30,3731849 


7.48*9988 


30MS3II90 


419 


US.TH 


69,984,828 




7.4410189 


302437)«4 


413 


ITQjm 


70,444.997 


20!33Z40I4 


7.4470843 




4M 


171,898 


70.987.944 


20.S46t«99 






«1S 


iTum 


71,478^76 


20371M88 


7:45«0»5» 


flIMOBea'J 


416 


178,066 


71,901.390 






in24ms46 


417 


178389 


72,611,718 


20.4206779 


7:4709991 




418 


174,7M 


73.034682 


20-446OUS 


7.4789664 




419 


178,861 


7:!J60.069 


20.46»4'<96 


7.4829242 


.0O23S«Bl.% 


4B0 


178,401) 


71.068,000 




7.4888734 


.00288096:; 


4ai 


177,241 


74,618.461 


20.6182845 


7.494«tlS 


30^62^ 




17B,0U 


7.'i.l81,44« 




7.6007406 




4M 


17B,9U 


76.880.987 




7.6006007 




4M 


179,179 


7e.22ft.024 


20;6913808 


7.6128718 






moK 


76.7«>.825 


20.9IMSB1 


7A184JB0 


.OOSSUSU 


ia» 


181.478 


77308,776 


20.6BB7674 


7.6248662 


.O0»nil8 


4S7 


WI,S» 


771m:4RS 


20-663roB 


7-mmsi 






183.184 


78.402,762 




7,5361321 






IS4JM1 


78.968,689 










184,900 


79JS07,000 


2o!7804414 


7:6478428 




4S1 


186.70 


80063,991 


20 7606396 


7368BS» 


in2310186 


a» 


IBB^at 


aofates 


30.7848097 






4S9 


187.489 


81,183,737 


20.808BS20 




.0MS09489 


4S4 


IM^fiS 


8i.M6J»4 


203836067 




J»iB04147 


4M 


189.3S& 




2036«>no 


7.576984B 


.002398861 


406 


laofix 


a23813M 


20380619) 


76827886 


302288578 


4S1 


mM» 


88.416.468 


303016450 


73886793 


.000288180 


4SS 


191344 


84.027.672 


20.92»H0e 


7,6948688 


.002388106 


4S9 


192,7m 


84.604.619 




7.0001886 


.002277901 




191400 


8US4,«)0 


30:9781770 








194.481 


8S.T»6.m 




7.6U0626 




44« 


i»ue4 






7.6174116 




443 




80je830T 


2l!o<7MB2 






444 




87JE83S4 


§:SSS 


i.&ma 










73841087 


300247191 


446 


igB.fle 


88,716,838 






.002243162 


447 


109J09 


a9314,Kn 
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losio 

II 

100:0 

^9-6 


11;? 

if 

!ss;s 

4M-7 

ho:b 

lifl 

ill 

117:4 

51 

20,0 

il 

3:1 

23,7 
*Sff.J 

2s: 

20, 
37, 

|. 

3d: 

31, 
31, 
32. 

461.0 


i33:fl 

is 

12^:4 

il 

569.6 

lis 

il 
II 

140J 
5640 

43,0 
40:2 

II 

isg.S 

SO-8 
S1,G 

53:0 
55:3 

il 

,IW-* 


ii 

1,50,7 
1B3:4 

50,2 
57,1 

il 

82:5 

106,2 

!!5:S 
ill 

ill 

178,0 
6S3.' 
75.0 

78:s 

646.9 


64,8 

6s:o 

69,0 
72:2 
75:3 

76!3 

79 :b 
82:0 
ss:t 

86,8 
7S3.i 

ii 

98:o 

9«.0 

aoo.0 
786.4 
201,0 

is 
E 

212:0 
739.* 


i8o:fl 

ill 

ill 

104.9 
107:3 

108. 
109. 

202: 

1' 

i. 

I'll 

221 :a 

222,7 

223,0 
22G.0 

S39.7 

1? 

20,S 

il 

fsl 

37.4 
238J> 
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Table 4,Gi— Stadia Table — Continued. 
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BariKmtal dis!. 
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s 
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19° if 

1 

1 
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20 .S2 

26.74 

ze.ss 

27:60 

a7:»a 

28.08 

28!3I 
28.44 

II 

2a!o4 

29,16 
29.30 
IKi-4 
29,!il 

29:86 

IS 
II 

If 

If 

32:u 

8S.3 
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6i 
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1 

68 
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9 
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8? 

« 
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36 

I 
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i 

2t 
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i 

J) 
9 

J 

i 

7 
2 

I 

9 

i 

1 


III 

]36:e 

137'a 
139.2 

ii.O 

ii 

46JJ 
1Q.9 

i:o 

62:2 

II 

55 A 

6o:i 


si 

1 

i 

IT. 

m 
m 

17( 
171 

18! 
181 
19: 


s 

9 

i 

I 

1 

i 

\ 

) 
A 

1 
1 

2 
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187 
ISf 
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IW 
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2tM 
206 

63 
2ffi 

i 
ll 
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£: 

2 t 

y 
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22s 

223 
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.3 
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.2 
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9 
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1 
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1 
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1 
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1 
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2M 
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S 

7 

7 

) 
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2 
1 
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212.9 
244,0 
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il 

252.7 

2S4.8 
2fi6.0 

69:2 
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64:6 
S'4 
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£77 ;o 
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Table Al^—Vaiuts of e for laaintbe Che;^ formubt v~e Vr%- 
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HYDEADLIO AND EXCAVATION TABLES. 



Clur> ttath end-mnd 

Clay 

' Earth, dry and looee 

, " ■• <' moderately 

rammed 

Earth, Hllgbtly moist, lcx»e 

Earth, ai coft Sowing mud 
■ mud well 

Mud,diy,do8e..,..!!!.. 
'* wet, ^ moderately 

l^ildUmi, fluid! '.y.'.'.".'.'.. 

Uaaoncy and its mateilala 
Bllct b«t eresaed 

Brictmnlc. prened bilck, 

Biicknork,m<dluni quality 
" coaiM, inferior 

■oft bricks 

Cement, pulverized, Iodbc, 

Concrete. 1:3:8 

Gravel, loose. 

Uagonry of granite or 
■tone of like wd^C 

Welldrewed 

Well-«abbled nibble, 

30% mortar 

R JUghly-BCabbled rubble 

28% to 35% mortar, , 

Weli-Bcabbled dry rubble 

Rough Ly-acabbled dry 

Ueaonry of ean'dstone or 
■tone of like welehl 
. ( welgli* about aeven- 
elghtbHof theabaye. 

Moitat, hardened 

l3™e .'.....' 

Sail, pjre quanr, dry, 

•Uihtly ahaken 

. ■ Suil pare Quaiti, dry, 

Sand, natural, diy.lsoae. 



Maranty and 

Band, wet, voldi full of 

itooe.. '.'.'.'.'.'.'.'.'.'.'.'. '.'.'.'. 
II quairied.loowdypUed 



72-103 
183-187 






Hickory, . . 
Oak.nlilte. 



Poplar 

3C<1B weigh or 



ber, tolerably • 
wdgba aluut ane4u 
than dry timbet, 



3 and thi) : 
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Table 49. — Convenient egoivaUnts. 



inch- Jl toot- OZJTJi vard-.00001E7S3 mlle^2.M cenUmeten. 
faot-12 fnchn-l yard -.00018036 iiilk-.304S mtta. 
vanI-3Sinche>-3rHt-.0005eSI8iiiUe-.ei44 meter. 
inile-a33S0 1nchea-&2SOfKt>>t7eOyardB-l.eoe3Sk[Iaineten. 
meCer-lOO nDtimelen-.OOl kUomeur- 30.37 iiicb«-3280S feeC-Ii»3D ' 
yard*- .00062137 mUe. 



. ..ot-l« square lncha-( wiUBre yard -.000022957 acre-.OOOOOO- 

laquare vaid-liSS~*qus'C incbn-B squa^ feet-JKHaoCB «cte-JX»00038S 



2640 iiuare ineli»~43560 Hiuaie 
mile-a%.71 fee[i<guarG>.4046S7 I 
■quan mile- 401 44S9600 aauare mctu»-37j 
yardB-e40 acre[i-2fi0 htctarei 



feet<-4S4a Kinare yatdi-.OOlMae 



1 muare meter- 10000 wiuftie ceaUoelen-.0001 bectan-JXIOOOl wiuare kll«- 
metei-IGSO.OOiqtwn! inch»- 10.7636 Kiiun feel-l.lUfiW kiium yud*- 
.0002171 acic .0000003801 square mile. 



iaiac iTicb-M*320 U. S. iaI]fm-.000S7ST cuUc f«)t-lfl.3S72 cubic cxntt- 

U. S. iaIIon-231 cubic lDch«-. 13368 cubic foot- .00000307 acn^ooC- 

cubic lncha-T.480fi U. S. salloiui- .037037 cubic yard- 

ir^rf- 46656 cubic 'incbei-"? dubic (set- .00091083 acre-fool -.76469 

.foot-325SSl V. S. galloni -43600 cubic feet-I613J cubic yuiIs-1233.40 



1 tl. S. nllon of water welsh* 8.34 pounds BvoJrdupoiL 
1 cubic foot of water weighi 62.4 pounds avoirdupois. 

1 •«iiod-[oot-448.8 U. 5. Kallons per minute- 26626.0 U. S. lallaiu per tuor- 
046317 U. S. gallons per day. 
-60 cubic feet per ininute-360Q cubic feet per hour-86400 cable 
feet per day-3163e000 cubic leel pel year-.000214 cubic mils 

-.0617 acre-Inch per bour-l.DSSS acre-feet per day-72a.CCC0 acre- 






M faUons per day-1.55 •econd-fee[-3.0T acn-(cet per day— S.S29 cnbk 

id-loot falling 8.SI feet-1 horsepower. 

id-foot falling 10 feet-1.13G bonepower. 

id-foot falling 11 [Fet-1 hoiaepower. 80 percent sfflrlmry. 

Id-foot for 1 year will cover 1 siuare mlfp l.lHl fm :i 1:1 ATS InthM deep. 

deepofl I square nille-2323200 cubic feet-.tnaTsn'oii'l fn>( l<M I yev. 
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Table iO. — Convenienl eguivaitntt — Continued. 



1 ■TOitdupoia poimd-i „- .._ 

1 kilocnm-tOOO gmnH-.tMl Canne-15t32 Krain>-2.204e pi 
• - ■ ,15 pounds per -Quarc inch. 

1 mtmaaph«eKabout \ 1 ton per squut foot- 

' I IdlngiHiii per aquace cendmcur. 
Accelentlon of gimvlty, c,-32.10 feet per aecoiKl. 
1 ^-fllU tachv 
[Jipl^injl- J (^l)'orXCC000TSS4K)uar«lQch. 

fe9q'1mlI1'ch-1273240clICQlB^^lH•. ' ... 

i.in:BliMdUun«Bie*lT*l)a8 & diuntCer of 131 mill ud & crtiii>-KCtIaa>t 
. »>naal 17956 dreu.ir mils. „.:„ 

1 lHMlt^ow«r>60MlXI ToM-sanana per day-flM foot-poiiBda pwsKond— 33000 
foot-pounda per ir.tnute- 1B8C0C0 toot-couo^a pet tinir-SftS B. T. V. nei 
koto»'7a kUocmrnieteta per KCODd-l.ZT kilogram aeten per Inlnute'-T4B 

_., __.ler rallOjf, ^(riiw the erapoiatlon' rf a*f? imlindk per hour o^ 

■irturat ei3 decrees Fahrnitvtt to diy aceam at the ^rre terDperittuie; or 

^be ewendkure of 33317 B.T.U,! »na fci practice (» (!e«!btieij fcy buinlng 

Sllrio iK pousda per hour of coal under 10 to 12 •Quare feet of heatlua surface. 

lB.T,U.-7I8f00t-D0unda, .-■'■ 

Ipquwliiqf. bitumlnouiciwl autaia* •boatUlOO B.T.U, or llOOOOOOfoot-poundi 
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